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Antennas

UDC 621.396.677

Moscow ANTENNY (Sovremennoye sostoyaniye i problemy) [Antennas (Present
State and Problems)] in Russian 1979 signed to press 19 Apr 79 p 2,
206-207

[Annotation and table of contents from book by D. I. Voskresenkiy, V. L.
Gostyukhin, K. I. Grineva, A. Yu. Grinev, B. Ya. Myakishev, L. I. Ponomarev,
and V. S. Filippov, edited by L. D. Bakhrakh, Associate member of the USSR
Academy of Sciences, and Professor D. I. Voskresenskiy, Sovetskoye radio,
30,000 copies 208 pages]

[Text] This book familiarizes radin engineers with main achievements in
the theory and the technology of antennas, as well as with the problems
existing in this area. It describes the main tendencies in the develop-
ment and the role of antenna devices in modern foreign radio engineering
complexes. Special attention is given to the types of antennas which are
most developed and used (phased antenna arrays, active antenna arrays,
signal-processing antenna arrays). It gives the main relations necessary
for the analysis of antennas and describes main achievements in the area
of the synthesis of antennas and automation in designing antemna devices.

The authors used materials of domestic and foreign publications.

The book is intended for a broad section of radio specialists and senior
students of vuzes.

Figures‘88; tables 5; bibliography 82 items.
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UDC 621.396.677.833.2
CERTAIN FEATURES OF DESIGNING TYPE ADE ANTENNA EXCITERS

Moscow RADIOTEKHNIKA in Russian No 9, 1979, signed to press 9 Jan 79
pp 35-39

Ekrticle by Yu. B. Buzuyev, Yu. A. Yerukhimovich, A. A. Timofeyeva]

[Text] The type ADE (Fig. 1) antenna consists of a basic reflecting
mirror (0Z) -- a paraboloid with a shifted focal axis, a primary
horn radiator (PI), an auxiliary mirror (VZ) with an elliptical
generatrix and a supporting system for the auxiliary mirror made, in
the case being considered, of radio-transparent material in the shape
of a flat toroid (PT) with a special profile. We will call the unit
coasisting of a primary radiator, auxiliary mirror and toroid, the
exciter. The theoretical analysis and detailed description of the
antenna were given in a number of papers [1-4] . Below we consider
- some features of optimization of an ADE type antenna with Y = 105°
with respect to the coefficient of utilization of the aperture surface
- (KIP) and matching,

Fig. 1
1. o0z 4., PT
2. PI1 5. dn
3. vz 6. d,
»
4
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When designing an exciter for a type ADE antenna, it is necessary to
take into account one of its basic features -- the close location of
the primary radiator to the auxiliary mirror, which causes a consider-
able change in the amplitude and phase characteristics of the radiator
within the radiation zone of the auxiliary mirror which is different
in the frequency range. Therefore, one of the basic problems is to
obtain, as far as possible, unchanging characteristics of the primary
radiation within the limits of the working range.

- One way of reaching the goal is to use practically synphase horn
antennas with an aperature diameter 2R and a distance from the aperture
plane to the point of the auxiliary mirror selected so that total
dephasing APs (of the horn itself and spatial) within the working
range limits does not exceed 0,2T 1i.e., that the following
condition is met:

(R +HYP—H (R 42— 0, M

where H -- distance from horn aperture to its geometrical apex, A -
wavelength. According to (1), the horn radiator is practically
synphase, i.e., ithas a phase center located near the horn aperature

[51 and has all the advantages inherent in such a radiator (small
size) and shortcomings (poor match to the feed channel and a compara-
tively narrow frequency range).

Another way is to use various modifications of strongly dephased horn
antennas, for example [6-8] , etc. Dephased horn radiators are better
matched than synphased to the feed channel and their phase center is
located near the apex. When using dephased horn antennas, it is
necessary to select a horn geometry, that within the working range

A ‘}’5>2‘W} i.e., fulfills condition:

(R + )P — H 4+ (R + $91° — S =\, )

where S -- distance along axis of horn aperture to the circle with a
center at focus "0" (Fig. 1), passing through the adge of the auxiliary
mirror, Fulfilling condition (2) makes it possible to obtain compara-
tively stable amplitude and phase characteristics in a fairly wide
frequency range. For horns with a break in the generatrix (Fig. 2),

it is necessary, morecever, that waveguide transition . from the wave-
guide cross section to the cross section of the break have low dephasing
i.e., the following condition be met:

()P H - H ) <0, ¢)
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where r -- radius of break cross section, h -- distance from the break
cross section to the geometrical apex of the cone forming the waveguide
transition, H -- distance from horn aperture to the break cross section.
In a usual dephased horn with a matched transition, condition (3) must
be fulfilled for the matching transition. This makes it possible to
obtain a stable position of the phase center in a wider range of L 4
frequencies.

) a ya ,’ Ray Fi
) A —5 11D >
! r N
- _'zk.j 47 { \
) 2 [ } ::::ﬁi;m -
n LA [ =r=rih (2)
RERZZNNNE -
=¥° 0 10 0 0 . 20 ¥° -
Fig., 2 Fig. 3.
1. plane E 3. db
2, plane H

In optimizing the antenna for KIP, it is necessary that the phase center

of the horn be superposed on the focus of the auxiliary mirror for an
optimal amplitude characteristic.

The relationship between the amplitude characteristics of the primary
radiator and the distance to the near zone is great; therefore, it is
necessary to know the position of the phase center of the horn very
accurately. Moreoever, moving the horn closer to the auxiliary mirror
in order to superpose its phase center on focus "0" is limited due to
the effect on the horn of the radiation field of the basic mirror by
the auxiliary one. Therefore, it is found in practice when designing
the exciter, that it is necessary to select 1>-3/+ and

2R<d. » When using strongly dephased horn antennas, an
effort should be made to use horns with large aperture angles (45 to 909)
which makes it possible to reduce their size considezably.

Fulfilling the above-enumerated requirements makes it possible to obtain
a fairly high total KIP (0.65 to 0.7) in ADE type antennas.

A further increase in the KIP is possible by optimizing the characteris-
tics of the primary radiator taking into account the near zone effect,
Thus, for example, it is well known that a change in dephasing horn
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antennas changes the shape of the main lope apex [9] . For dephased
horns with a break in the generestrix, this change in planes E and H is
about the same. The main lobe apex DH is dome-shaped, flat or funnel-
shaped depending upon the multiplicity of the total dephasing of 0,577
[10]. 1his relationship between the characteristics of the primary

radiator and the total dephasing leads to the fact that in type' ADE
antennas there appear in the radiation zone of the auxiliary mirror
(due to the small distance between the exciter components) amplitude
and phase oscillations which cause some amplification losses. The
practice of designing exciters for type ADE antennas indicated that it
is good practice to select the exciter geometry so that for the distance,
corresponding to the edge of the auxiliary mirror, Bgs =2m,
and for the distance corresponding to the point, Ags =31 .
This makes it possible to obtain at minimal horn size a field amplitude
distribution on the surface of the auxiliary mirror without noticeable
oscillations. Fig. 3a shows the field amplitude distribution on the
surface of the auxiliary mirror for the case when APs changes

- within the zone of excitation of the auxiliary mirror from 27 to
4797 and in Fig. 3b -- from 2T to 397 . 1In the second case, there
are practically no oscillations in the field amplitude distribution
and the nature of the distribution is closer to the optimal ome.
Oscillations may also be reduced by increr;ing considerably the dephas-
ing of the horn within the excitation zone of the auxiliary airror
(,Aq;) 41y, but this involves increasing the size of the horn or reduc-
ing the distance between it and the auxiliary mirror, which is not

_ always possible. Optimizing the amplitude characteristics and taking
into account the effect of the near zone produces an additional gain
by 5 to 10% in amplification, but in a limited frequency range.

3

Matching type ADE antennas is determined basically by the same factors
as of other two-mirror antennas 17 : internal matching of the
primary radiator to the feed waveguide, diffraction by the edge of
the auxiliary mirror, deflection by the point, reflection from the
central part of the basic mirror and diffraction by its edge,

Matching the primary horn radiator depends on the arrangement of the
horn. The reflection coefficient of dephased horms with matching
transitions and horns with a break in the generatrix is very small,
It increases with an increase in the aperture angle and with a reduc-
tion in the size of the horn aperture and, as a rule, does not exceed
1 to 2%.

The effect of the reflection coefficient of the signal, diffracted
from the edge of the auxiliary mirror, depends on the excitation level
of the edge, and on the value of the angle at which the horn is seen
from the edge. The optimum (with respect to KIP) of excitation of the
edge of the auxiliary mirror depending upon the antenna arrangement
varies within -(10 to 20db). With the reduction in the excitation of

FOR OFFICIAL USE ONLY
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the auxiliary mirror edge antenna matching is improved, but amplifica-
tion losses become apparent if this level is lower than the optimal
one. Therefore, in some cases, it is better practice to Increase
angle 'YK (Fig. 4) between reflected beam I and diffracted beam II.
In this case, the excitation sector of the horn and the level of the
radiated field and its direction are reduced. Angle Yy may be
increased, decreasing the horn aperture or (for a given horn geometry)
increasing the diameter of the focel ring of auxiliary mirror dy so
- that it is greater than the diameter of the focal ring of basic mirror
dy . However, if there is an essential difference between these
diameters, there is an underexcitation in the central part of the basic
mirror, i.e., as if the darkening of the antenna aperture increases.,
This may lead to considerable amplification losses and an increase in
- the near side lobes. The correct selection of dg and dp improves
the antenna matching without noticeable amplification losses and even
with some gain [12] , which is due to some (favorable) redistribu-
tion of field amplitudes due to the differences in dg3 and dj .

The effect of the auxiliary mirror point on the antenna matching is
related to the shape of the diffraction DN [radiation pattern ] of
the point and the value of the angular sector within whose limits

beams diffracted by the point are intercepted by the horn. For a given
cone angle V=T~ Y, , the effect of the effective field of

- the point is weakened by the reduction in the excitation sector of the
horn aperture by this field, i.e., by increasing angle 7, between
beam III, reflected from point, and diffraction beam IV (Fig. 4).

This is achieved by increasing distance 1 between the horn aperture

and the point of the auxiliary mirror or by reducing the horn aperture.

(1)
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Fig. 5a shows curves given the relationships between the value of the

reflection coefficient of exciter G and the change in angle for a

fixed value of Vi (solid line) and the changes in angle Vi for a

fixed 'y, (broken line). These curves were plotted on the basis of

experimental results obtained in investigating one of the exciters

of the type ADE antenna with auxiliary mirrors which have different -
diameters of the focal rings. They determine the nature of the rela-

tionship, but not the absolute value of the reflection coefficient

which is different for different exciters.

The effect of the central part of the basic mirror on antenna matching
(for a fixed level of excitation of the auxiliary mirror) weakens

for d>dy and dy>do- . For example, for
- a Im diameter of the antenna with an aperture angle of the parabolic
: generatrix 2 \r = 210°% at -
o

n==200 .\N..d.———.m() .\"M. do==200 MM

and at edge excitation level of about -15db this effect is practically
absent in the 8 gigallz range.

The close disposition of the exciter components in the ADE arrangement
makes it possible (with the proper selection of the distance between
the basic nonuniformities) to obtain, in a comparatively broad but
limited frequency range, close to an antiphase addition of reflected
signals. Fig, 5b shows by solid and broken lines respectively the
frequency relationships between the reflection coefficient of the primary -
- exciter and the ADE antenna (their design dimensions are given below).
In the frequency passband 7.6 to 8.6 gigaHz, where signals reflected by
nonuniformities are added close to antiphase, the reflection coefficient
of the horn does not exceed 0.5% and of the antenna -- 1,5%. The width
- of this . band depends on the distance between the nonuniformities and
increases with its decrease. It is possible to improve matching in a
given frequency range, due to compensating reflection coefficients, by
_ changing the distances between the horn aperture and the auxiliary
mirror, i.e., by selecting 1 optimal from the matching standpoint.

9
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In conclusion, we will show the results of an experimental investigation
of the primary radiator and the type ADE antenna, intended to operate

- in the 7.9 to 8.4 gigalHz range. In an antenna with basic design
parameters

. D=1000 Mwm,
249=210% do=200 MM, do==200 MM, do=210 MM, L=153,7 mM, ¢=30° ¢;=25°

a dephased horn, with a break in the generatrix that has an aperture
diameter 2R = 137mm, aperture angle 2ol = 480 and a diameter of
the break section 2r = 70mm, was used as a primary radiator. The transi-
tion from the cross section of the break to the cross section of the
waveguide was made in the form of a parabolic transition 150mm long.
- The axial symmetry of the main lobe DN of the horn with parabolic
- transition is somewhat worse than with a DN of the horn with conical
transition, but the match is better.DN  horns, measured on the circum-
ference, that pass through the edge of the auxiliary mirror when the
horn is installed in a position optimal with respect to the KIP of
antenna tuning at frequency 8.15 gigalz, are shown in Fig. 6 (solid
line -- in plane E, broken line -- in plane H). The total horn dephasing
for this case is about 2.5197 .

Tuning curves of the antenna for maximum amplification, measured at
frequencies 7.9, 8.15 and 8.4 gigalz, are shown in Fig. 7 by dash-dot,
solid and broken lines respectively. The distance between the horn

and the auxiliary mirror 1 = 5mm corresponds to the signal maximum at

a frequency of 8.15 gigaHz. A shift in the tuning frequencies, may be
explained by the fact that the synphase condition of the waveguide
parabolic transition was not fulfilled. In the following designs where
the transition from the cross section of the break to the cross section

10
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of the waveguide was made in the shape of a conical transition (the
horn coefficient of reflection was increased in this case by a fraction
of a percent) and condition (3) was fulfilled, tuning maxima at all
frequencies of the range practically coincided.
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1. db 3. plane H

2, plane E

Antenna radiation patterns without shields for increasing the protective
action [4] in planes E and H, measured at the average working range
frequency (8.15 gigaHz) when the antenna is tuned to this frequency
for maximum amplification, are shown in Fig. 8 by solid and broken lines
respectively; DN recommended by the MKKR [International Consultation

_ Committee for Radio Communications | for RRL [Radio relay line
antennas | {13] . A comparison shows that the DN of the designed
antenna satisfies the DN cited in the MKKR report in all sectors of
angles except the sector of the first side lobes whose greater level

_ is explained by the underexcitation of the central part of the antenna
mirror,

The coefficient of the reflection from the input antenna (see Fig. 5b)
within the working limits does not exceed 1.5% and of the horn -- 0.5%.
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The antenna amplification coefficient at the middle part of the working
range, calculated from experimental DN of the antenna, is equal to
37.9db while, when measured by comparing it to a standard antenna
was 37.8db (total KIP equal to 0.85 and 0.83 respectively). At the
extreme frequencies of the range (at optimal antenna tuning at an
average frequency), the amplification coefficient is equal to 37.0
- and 36.3db respectively; at frequencies of 8.4 and 7.9 gigaHz (KIP
0.64 and 0.69). The reduction in the KIP is due to the fact that
1 = 5mm corresponds to a minimum signal at these frequencies (see Fig. 7).

- Thus, the described antenna makes it possible to obtain a high KIP

and a good match. This requires a comprehensive solution of problems
- related to the exciter design. The proper selection of the exciter
- geometry, taking into account the enumerated-above and frequently
contradictory requirements, makes it possible to optimize simultaneously
the KIP and the matching of the antenna (up to 0.8 with respect to
the KIP and 1.5% with respect to the reflection coefficient) in a
narrow frequency range.
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unc 621,396,67
IMPROVING THE DECOUPLING BETWEEN ANTENNAS LOCATED ON A CONVEX OBJECT

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 10, Oct 79
pp 1989-1995 manuscript received 14 Mar 78

[Article by Yu.L. Lomukhin and N.B. Chimitdorzhiyev]

- [Text] Results are given for a theoretical and experimental
study of the possibility of attenuating a microwave field which
envelopes a convex cylindrical surface by means of diffracting
elements: compensators installed on the given surface, Expres-
sions are derived which permit the determination of the optimal
dimensions of a decoupling, rectangular attachment, with which
the maximum suppression of the shadow field is observed. The
experimental results cited are in good agreement with calcul-
ated data.

An analysis of the results obtained indicates the possibility
of effective additional decoupling using small, planar diffrac~
- ting elements,

Introduction

When several antennas are placed close to or directly on a convex object,

the problem of decoupling between them is of considerable importance, es-
pecially if the antennas operate on adjacent frequencies, Usually, the
shielding effect of the object itself is utilized to eliminate the mutual
coupling of the antennas, by means of optimal positioning of the antennas,
Through the choice of the position of the antennas, one cannotalways suc-
cessfully assure the requisite decoupling. In such cases, diverse additional
methods are employed, which increase the attenuation of the field, where
these methods include the use of impedance, ribbed structures, dielectric
plates, etc, [1 - 6].

This article is devoted to a study of the possibility of supplemental atten-

uvation of a microwave field which envelops a convex conducting body, by means
of a plane diffracting screen: a compensator, installed on the surface of the
object, or by using already existing protruding elements of the structure for
this purpose. 1In contrast to the well-known decoupling methods, where the
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field attenuation is accomplished by changing the electrical properties of

the surface, In the method we propose, the reductfon in the shadow fleld is
due to a Jdiffracting element, which splits the fnitial field of the inter-

ference into components, which cancel each other out,

Diffraction screens were previously studied as applied to the amplification
of the field of convex ground obstacles [7 - 8] and to the suppression of
interfering radio fields on closed paths near the Earth [9 - 10].

1. The Calculation of the Attenuation of the Field of a Convex Cylindrical
Surface with a Rectangular Screen

The arrangement of the mutually influencing antennas, A and B, and the ad-
ditional diffracting element on a cylindrical surface of radius a is shown
schematically in Figure 1, The antennas A and B can be elementary dipoles,

— pe— [ —>
t(r,,8.,2.)
P W 4 =

A

, [
T, a

8(r,,8,,0) ‘ol
[

J —_———
Alr,, 0 >z

Figure 1,

the open ends of waveguides, slot antennas and other poorly directional
microwave systems, Moreover, A and B can be understood to be the bounds
(edges) of reflector antennas, through which the parasitic coupling of
highly directional antennas passes, where these antennas are shielded by
conducting objects. For convenience, the convex object is treated in the
form of a half-cylinder, where the electromagnetic coupling between the
antennas is realized in one direction. The spacings of the mutually influen-—
cing points on the surface of the cylinder are hy = (ry - a) and hp =

= (rp - a) and satisfy the conditions hy < a and hy < a. The inequality
ka > 1 should also be observed, where k = 27/A is the wave number, and A is
the wavelength,

We determine the field at point B which is due to the source at A by working
from Kirchoff's formula:

¢)) T in g

We shall use the well-known expressions of [11 - 13] as the source functioﬂ
E1 and Green's function G:
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W (ta—ips) w(ta—y)
w(tn) w(tn) -

where

Ri=a0, )/ t+ (E), R=a(e-0) |/ 1+ [m].

are the distances along the geodesic (helical) line from points A and B to

the plane S where the additional diffracting screen is located; xc =

= (ka/2)1/38c, Xp — KXo = (ka/2)1/3(6b - ec) are the distances from point7

A and B in referenced co?rdinates; va = (2/ka)1/3k(ra ~a), yp = (2/ka)l 3k.

+(rp—a) and y = (2/ka)l 3k(rc - a) are the referenced heights of the cross

coupling antennas A and B, and the diffracting screen; w(t) is an Airy func-

tion, which satisfies the equation w"(t) - tw(t) = 0; tp and t, are the roots

of the equations w'(tp) - quw(ty) = 0 and w'(t,) - qw(ty) = 0 respectively;

q is a parameter which takes into account the electrical properties of the

surface, and for horizontal and vertical polarizations, is equal to

i(ka/2)1/3¢5k - 1 and i(ka/2)" respectively; ex is the complex
. Verti

dielectric constant of the diffractfhgisurface; M is a constant which char-

acterizes the source A.

Having substituted expression (2) in (1), we carry out the integration in
Kirchoff's approximation over the surface S (the half-plane z6.), located
above the cylindrical body, excluding the portion occupied by the rectangular
shield of length 1 and height h = (ro - a). In formula (1), u is the nor-
mal to the given surface. We carry out the integration with respect to the
variable z using the steady-state phase method, while integration with re~
spect to y is accomplished in accordance with papers [12 - 13], Without
giving the voluminous intermediate mathematical derivations, we write the
final expression for the field of the cylindrical body with a flat rectan-
gular diffractor in the following form:

w(tm_ya) w(tn—yb)
E=M ilxetm+ (xp—~xc) th)
D A B

w(tm) w(t,)
X [ (NalV,)"

6"."‘
+ ’tm—_q—,{l"(—v:) +.F(v2) L

(3) .
Snm{F (v,) —F(v;)}+
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and when m # n:

s‘ — 1 w(tm_ye) w,(tn"'yc)“w(tn_yu) w, (tn"’ye)
" (NN ta—tm

is a conversion factor which shows how the incident mode of order m of the
left side is transformed by the obstacle to a mode of order n, which propa-
gates from the screen, and when m = n:

1
Sm,m= I{ (tm_y:) [w (tm_yc) ]2— [w' (tm—ye) ]’} ’

No=(tn—g*) [0(tn) I,
No=(t.—¢*) [w(t.) ],

Gm’n =1 whenm = n and 8p,n = 0 when m # n. The field is expressed as a
function of the length and the displacement of the compensator from the
geodesic line connecting the interacting points in terms of the Fresnel
integrals F(vy) and F(vy) in (3), and:

e—lnll hed e-—lall
F(v)=-——\ e'™2"dt,  F(—v))=—
) | 7

A

X

‘, /o
¥2
Xj eI gt (=14, 2), p,=—-—-(zc"‘£‘) '

) b 2
17] ( L1 ) ; ‘I/ Ad.(dy—d.)
=% T —— ) =y —
) U, ) 2z 5 db

7 is the length of the compensator, and de and (dgy - dc) are the lengths of
- the segments ACy and C1B along the arc respectively,

In the absence of the compensating screen, i.e., when (re - a) = 0, we ob~
tain a formula from expression (3) which defines the diffraction field of the
convex surface:

E =/”Z' gixoim w(tm_ya) w(tm_ya)
’ - tn—q*  w(tm) w(tm)

The ratio of E to Ej will determine the change in the shadow field with the
installation of the rectangular diffractor:
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W (tn=ys) w(ta—yp) L2t (o—2c) tn]
) A—JZ w(tm) w(ta) ¢

Y, e (ta—pe) 0 (tn—ys)
tn—q° W (tm) w{tm)

"

w0t o ooy
X [Wsn.m{[l (vy) —F (v2) ])+

Onn {F(—v,)-l-F(Uz)’] :

tn—q*

+

In the case of an absolutely conducting body and vertical polarization (q =
- = 0) for antennas located in deep shadow with respect to the decoupling
element, for y; = yp = 0, expression (4) assumes a simple form:

B':'Sm[F(Us) ‘-F(Uz) ]+F(‘—U1)+F(U,),

— 2 N 2, .

Sum g { oy [ 2L [
t w (t:) w (tl)

The first term in (5) depends on the height of the upper edge of the rectan-
gular shield above the surface of the cylinder in terms of the function 31,1
and its length in terms of [F(vy) - F(v2)], and the remaining terms are deter-
mined only by the length of the shield. Physically, this means that the dif-
fraction field which envelopes the cyclinder, by virtue of the additional ele-
ment, is split into components, the amplitudes and phases of which depend on
the geometric parameters of the diffractor. Thus, by varying the dimensions
of the screen, one can vary the amplitude-phase relationships of the terms
in expression (5) and thereby control the resulting field at the receive
point. The numerical analysis of formula (5) shows that there exist definite
parameters of the shield - the compensator - for which the function B has the
deepest minimum and the maximum supplemental decoupling will be observed, As
the analysis shows, this occurs when:

(5)

where

) | hc=1,9(%)%. 1=0,8b.

Formulas (6) were derived for the case where the center of the compensator
- is located on the geodesic line joining the corresponding points on the sur-
face of the cylinder. .

The calculated graphs (the solid curves) for B as a function of the geometric
parameters of the compensator, obtained from formula (5), are shown in
-Figures 2 -~ 4, A discussion of the calculated results is given below in

a comparison of the latter with experimental data,

2, Experimental Results and a Comparison of Them with the Calculated Values

Experimental studies of- the supplemental attenuation of a diffraction field
vere performed under test conditions in an open space using convex
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Figure 2. Figure 3.
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conducting bodies where A = 3,3 cm. Used as the cross coupling antennas
were the open ends of rectangular waveguides (10 x 23 mm), which were mounted
in the shadow zone with respect to each other. The measurement set-up al-
lowed for continuously changing the position and geometric parameters of the
compensating elements. A GK4-19A generator served as the source of electro-
magnetic radiations, while a P5-10 receiver measured the diffraction field,

The experimental curves for the change in the diffraction field of B (the
small circles) as a function of the dimensions and position of the diffractor
are shown in Figures 2 - 4 along with the the theoretical curves, where the
electrical field E of the radiator was directed along the radius of the cyl-
indrical body, while the magnetic field vector was parallel to the axis of
cylinder and the mutually influencing antennas were positioned directly on
the surface of the object where 6y = w. The results cited here apply to a
cylindrical surface with a radius a = 101, :
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From the graph for the field attenuation as a function of the referenced
height y. (Figure 2), we see that for a length of 7 = 2,1X, for the case
of small values of the height of the screen-compensator, a slight amplifi-
cation of the field is observed, after which a deep minimum of the signal
is revealed. Such a sharp drop in the radio signal level was caused by
- the out-of-phase addition of the field from the side sections of the shield
- to the field produced by the upper edge of the compensator, having approx-
imately equal values of the amplitudes of these signals. A further increase
in the height leads to oscillations of the shadow field, which are caused by
the change in the amplitude and phase of the field due to the variation in
the shield height for the case of constant side fields. It is easy to de-
termine the height of a shield at which the maximum reduction of the field
is observed from the graph of B as a fynction of yo. We find from y. =
(2/ka)}/3kh = 2.5 that h = 1.9 (a/k2)173. For the given geometry, h =
_ = 1.2X. A comparison of the theoretical curve with the measurement data
throughout the entire range of measurement of y. shows their completely
satisfactory agreement.

The nature of the attenuation as a function of the diffractor length is
shown by the results presented in Figure 3, where plotted along the abscissa
is the ratio of the length of the rectangular attachment to the dimension

of the first Fresnel zone, b. This curve, just as the graph of Figure 2,
was obtained for the case where the center of the compensator is located

on the geodesic line joining the mutually Influencing antennas. As can be
seen from the calculated and experimental results cited here, where a screen
with a height of h = 1.2, when its length is iIncreased, a substantial re-
duction is observed in the field, which reaches a minimum value (-22 dB)

for the given configuration of the antemnas and the obstacle, where I =

0.8 b, With a further increase in the width, the degree of decoupling falls
of f markedly., Just as in the case of B as a function of h, the change in
the supplemental attenuation with a variation in the length of the rectan-
gular element is explained by the interference of the fields produced by

the upper and side edges of the diffractor.

The level of signal suppression falls off rather rapidly when the compensator
is shifted from the geodesic line joining the antemnas, This is illustrated
in Tigure 4, which shows the change in the supplemental decoupling as a funec-
tion of the displacement zo/A for the case of optimum dimensions of the com-
pensating screen, determined from formulas (6) in the form he = 1.2A and .=
= 2.1 XA. When the element is shifted by even about 1.5 A, the level of the
diffraction field of the convex surface approaches its own initial value.

The maximum supplemental decoupling is achieved when the center of the rec-
tangular attachement is located on the line joining the antennas.

An important characteristic of decoupling devices is their band coverage
properties. Curve 1, shown in Figure 5, was derived from formula (5) and
shows the decoupling effectiveness when a rectangular attachment of 1.2) x
2.1) is used in various ranges of change in the working frequency. The

value m = fmax/fmin|B==const is plotted along the abscissa in this figure,

20
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

where Ppax and fpin are the upper and lower frequencies of the band, while
while the supplemental decoupling of B is plotted along.the ordinate.
Curves 2 and 3, taken from paper [6], which illustrate the frequency char-
acteristics of ribbed structures consisting of 8 and 10 grooves respecti-
vely, are also shown there for comparison. It can be seen from this that
the band coverage properties of ribbed decoupling devices, the parameters
of which are determined from the condition of maximum bandwidth, are some-
what better than similar characteristics of a rectangular compensator. We
will note that greater wideband suppression of the field using diffracting
elements can be achieved by means of specially profiled compensators, for
example, a stepped flat attachment with a height on the order of the wave-
length makes it possible to obtain a supplemental attenuation of about
20 dB in a band with a coverage of 1.5. The structural design and the

- results of studying wideband decoupling devices of this type deserve a

i separate treatment.

The calculated and experimental results obtained in this paper demonstrate
the possibility of the diffractor attenuation of a field for the purpose
of improving the decoupling between antennas, separated by a convex object.,
The use of compensators of a simple structural design and small dimensions
can preclude the necessity of experimentally selecting the position of the

B antennas, as well as the utilization of complex decoupling devices. The
presence of a protrubance, which is extremely insignificant in the centi-
meter band, cannot substantially limit the practical application of the
proposed method,

The authors would like to express their deep gratitude to B.Ye. Kinber and
G.A. Postnov for much valuable advice in the performance of this work.
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UDC 621.318:681.327
PHYSICS OF CYLINDRICAL MAGNETIC DOMAINS

Moscow KIZIKA TSILINDRICHESKIKH MAGNITNYKH DOMENOV in Russian 1979 signed
to press 1 Jan 79 p 2, 191-192

‘[Annotation and table of contents from book by Fedor Vikturovich Lisovskiy,
Sovetskoye radio, 3000 copies, 192 pages]

[Text] The author examines the physical properties and principles of
practical applications of cylindrical magnetic domains (TsMD). He gives a
- theoretical analysis of statistical and dynamic properties of domain
boundaries, isolated domains, and domain lattices. Information is given
on the methods of obtaining, characteristics, and methods of measuring the
parameters of materials with TsMD. The author analyses the methods of
controlling the movement, generation, and readout of TsMD, as well as the
principles of constructing memory devices based on TsMD. '

The book is intended for scientists and specialists engaged in the problems
of magnetoelectronics, computing technology, and the physics of magnetic
phenomena, as well as for undergraduate and graduate students of higher
educational institutes of these fields.
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3.1. Epitaxial Films of Mixed Rare~Farth Ferrite-Garnets
3.2. Methods for Suppressing Rigid Cylindrical Magnetic
Domains and Effects of the Dynamic Transformation of
the Structure of Domain Boundaries in Epitaxial Films
of Ferrite-Garnets

- Chapter 4. Measurement of the Parameters of Magnetic Films with
. Cylindrical Magnetic Domains
1. Measurement of Static Parameters of Films
2. Detection of Defects in Films and Measurement of the
Coercive Force for the Movement of Domain Boundaries
4.3. Measurement of Mobility
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Chapter 5. Utilization of Materials with Cylindrical Magnetic
Domains in the Memory Devices of Digital Computers

Movement of Cylindical Magnetic Domains
Generation of Cylindrical Magnetic Domains
Division of Cylindrical Magnetic Domains
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- 5.5. Organization of Memory Devices Based on Materials
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Communication,s Communication Equipment;
Data Transmigsion and Processing

UDC 621.395.664.12
ECHO SUPPRESSORS IN COMMUNICATION LINES

Moscow EKHOZAGRADITEL'NYYE USTROYSTVA NA SETYAKH SVYAZI (Echo Suppressors
in Communication Lines) in Russian 1979 signed to press 30 Oct 78 p 2, 88

[Annotation and table of contents from book by Mikhail Kronidovich Tsybulin,
Svyaz', 4400 copies, 88 pages]

[Text] The author describes the phenomena of electric echo in long audio
frequency channels, examines the methods of controlling the interfering
action of echo currents during telephone calls, and surveys the existing
domestic and foreign echo suppressors. Special attention is given to the
operation of channels equipped with echo suppressors.

The book is intended for engineers and technicians engaged in the designing,
tuning, and operation of telephone communication channels.

Contents
Page
Foreward 3
. Introduction 4
- Chapter 1. The Electrical Echo Phenomenon. Main Methods of
Controlling Its Interfering Effect 7
1.1. The Electrical Echo Phenomenon 7
1.2. Effects of Echo Currents on the Quality of the Trans-
mission of Telephone Information 10
1.3. Main Methods of Controlling the Interfering Effects
of Echo Currents 14
_ Chapter 2. Domestic and Foreign Echo Suppressing Devices 24
2.1 Main Characteristics of the Echo Suppressor 24
General Information 24
Static Characteristics of the Echo Suppressor 37
Transmission Characteristics of Units of the
Reception and Transmission Channels of the Echo
Suppressor 39
Characteristics of the Neutralizer of the Echo
- Suppressor 42
Dynamic Characteristics of the Echo Suppressor 44

25
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

Domestic Echo Suppressors

Foreign Echo Suppression Devices
"F4"~Type Echo Suppressor
"LE-IE"-Type Echo Suppressor

NN
. e
W N
P
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USSR UDC 621.396.946:629.783:525
A SPACE COMMUNICATION GROUND STATION IN BULGARIA

RADTO. TELEVIZIYA ELEKTRON in Bulgarian Vol 27 No 7, 1978 pp 2-3

. STOYKOV, §.

[From REFERATIVNYY ZHURNAL RADIOTEKHNIKA, No 1, 1979, Abstract No. 1A273
by N. Ye. Sirotinal

[Text] A brief description is presented of a station constructed with

the assistance of the USSR and intended for operation in the "Intersputnik"
system. A two-reflector antenna with a counter reflector is used for
reception and transmission. The antenna rotation system is controlled

by a programmed device which coordinates the rotation of the antenna with
the trajectory of the satellite. The receiver has a low-noise 4~-stage
parametric amplifier at its imput, with the first 2 stages cooled by

liquid nitrogen. The specific features of the telephone equipment are
noted. Figures 1.

6508
CSO: 1860

27

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

UDC 621.396
LONG-RANGE PROPAGATION OF RADIO WAVES IN THE IONOSPHERE

Moscow DAL'NEYE RASPROSTRANENIYE RADIOVOLN V. IONOSFERE (Long-Range
Propagation of Radio Waves in the Tonosphere) in Russian 1979 signed to
press 27 Apr 79 p 2, 151-152

[Annotation and table of contents from book by Aleksandr Grigor'yevich
Shlionskiy, Institute of Terrestrial Magnetism, the Ionosphere and Radio
Wave Propagation of the USSR Academy of Sciences, Nauka, 850 copies,

152 pages]

[Text] The author examines the conditions and characteristics of super-
long range (round-the-world, backward, antipodal) and long-range propaga-
tion of short radio waves in iomospheric channels when the radiators are
on the surface of the earth and in the ionosphere.

The book gives the results of the analysis and interpretation of experi-
mental data and theoretical examination of the dependence of the character-
istics of ionospheric radio waveguides on the main parameters of the iono-
sphere.

The book is of interest to. radio physicists, radio engineers, and graduate
and undergraduate students specializing in the area of long-range iono-
spheric propagation of radio waves.

Tables 2; Figures 66; Bibliography 118 items.
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2. Backward Radio Echo 15
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4. Effects of the Azimuthal Anisotropy of the Ionosphere on

the Propagation of Superlong-Range Radio Signals 23

5. Antipodal Propagation of Radio Waves 32

6. TIonospheric Radio Echo with Multisecond Delays 42

Chapter II. Long-Range Propagation of Radio Waves When the
Radiator is Located in the Ionosphere ’ 48
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B X 1. Experimental Investigations of Long-Range Radio Signals
\ 2. Effects of the Global Properties of the Ionosphere on
the Characteristica of Long-Range Signals
_ 3. The "Antipode Effect” During the Reception of Signals
Radlated In the Tonosphere
3.1. Reception of Antipodal Signals of the First
Artificial Earth Satellite in Mirnyy (Antarctica)
3.2. Reception of Antipodal Signals of Artificial
Earth Satellite at Medium-Latitude Points
3.3. Observations of Antipodal Signals of Artificial
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4. An Experiment on the Propagation of Signals Between the
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3. Composite Quadratic Model of High-Altitude Modified
Dielectric Constant
4., Extreme Boundaries of Channels, Values of the Minimum
of the Modified Refraction Index
5. Axes of Ionospheric Waveguides. Values of the Maximum
of the Modified Refraction Index
- 6. Upper Boundary of the Frequencies of the Reflection of
Radio Waves from the Ionosphere
) 7. Limiting Frequencies of the Degeneration of Ionospheric
- Radio Waveguides
Chapter IV. Some Characteristics of Ionospheric Channels
1. Refraction Characteristics of the Capture and Descent
of Radio Waves by Ionospheric Waveguides
2. Some Refraction Characteristics when the Radiator Is
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Components and Circuit Elements; Including -
Waveguides and Cavity Resonators

Upc 621.372.8
OPTICAL BAND DIELECTRIC WAVEGUIDES BASED ON ORGANOSILICON COMPOUNDS

Kiev IZV. VUZ: RADIOELEKTRONIKA in Russian Vol 22 No 8, 1979 pp 96-98
manuscript received 12 Jan 78; after completion 16 Feb 78

[Article by L.M. Andrushko, V.A. Voznesenskiy, L.G, Gassanov, Ye,P.
Krivokobyl'skiy and B.V. Tkachuk]

[Text] It is well known that thin polysiloxane films, obtained in a
decaying discharge, can be used to produce planar dielectric waveguides.
They are distinguished by low optical losses and high stability with aging

- [1]. However, despite the obvious promise of the application of thin
npolymer fiims, the data on the structure and their properties in the liter-
ature is inadequate,

The purpose of this paper is to study the structure of waveguide and optical
properties of thin polysiloxane films, derived by means of the polymeriza-
tion of organosilicon compounds in a decaying discharge plasma., The influ-
ence of the derivation conditions on the structure and properties of the
films are also studied.

The organosilicon compounds octamethatrisiloxane (OMTS) and hectametha-
disiloxane (GMDSZ) were chosen as the original substances. The polymer
films were obtained in a series produced UVN2M-1 vacuum installation using
the procedure of [2]. To perform the polymerization, the reaction chamber
was pumped out down to a pressure of 1 - 103 Pa, and then the monomer was

- admitted up to the requisite pressure. . The polymer films were obtained
both at the electrodes and in the interelectrode space under the following
conditions: the vapor pressure of the original compounds in the reaction
chamber was 1--40 Pa, the current density at the electrodes was 0.2--0.8
ma/cmZ, the discharge burn voltage was 300~-1,500 volts and the generator
frequency was 1,000 Hz.

The polymerization process was carried out under dynamic conditions of a’
pump- down rate of 5 1/s. The polymer films were applied to a substrate
of type KV fused quartz (n‘= 1.45), The waveguides were excited by a

_ He-Ne laser (A = 0.63 um) by means of a prism coupler. The refraction
indices and the film thicknesses were determined from measurements of the
resonance excitation angles and the calculation of the dispersion equations
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(521 mﬂM? 4B of [3]. The optical attenuation was measured
2 om by means of moving the extraction prism, as

151 \V" B well as by photodiode scanning along the track,
\& The structure of the films was studied using

150} \ 13 infrared spectroscopy with the IKS-22 spectral

\i ‘§§ photometer in a range of 650-4,000 cm-1,
19 2
s Polymer films of OMTS and GMDSZ were made with

'p a thickness of from 0,3 to 3 um (Figure 1,
0 w0 2 Hnha*e curves 2 and 3), It was found that polymer
Figure 1. The variation OMPS films, obtained at low monomer vapor
in the index of refraction pressures (p =*l Pa), had a yellowish color,
(n) and the losses (1) of and the waveguide properties of such structures
were unsatisfactory (@ = 10 dB/cm). The index
at different monomer vapor of refraction for films based on OM?S was 1.53,
pressures in the reaction The values obtained for the r?fractlon index
chamber are not typical for organosilicon polymer films,
* and are apparently due to the considerable
increase in the:carbon content in the polymer
composition, as well as to the mechanical stress in the film.

polymer films, obtained

With an increase in the pressure in the reaction chamber, polymer films
were obtained with a somewhat lower value of the refraction index. At a
pressure of 25 Pa, polymer films of OMTS had an attenuation not exceeding
1 dB/cm (Figure 1, curve 1). The refractive index in this case was 1,485,
the film thickness was 2.7 mierometers and the moderation ratio was Y =

= 1.469. The films had good adhesive and mechanical properties,

I% e Al % o
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Figure 2. Infrared spectra: a. Of the original monomer (a) and the
polymer GMDSZ (b) at p = 20 Pa and § = 0,4 ma/cm2;
b. Of the OMIS polymer films at p = 20 Pa, i = 0.5 ma/cm2
(a - 0.76; b - 1,1; ¢ ~ 1,76 micrometers).

It should be noted that increasing the vapor pressure of the monomer in
the reaction chamber lead to a significant increase in the rate of polymer
film formation and at a pressure of more than 35 Pa, the process of poly-
merization from the gaseous phase began. Apparently, simultaneously with
the process of forming the polymer film on the substrate surface,
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" polymerization occurred in the volume of the discharge, as a result of
which, the resulting film had spotting of the polymer, where the spots
reached a diameter of 1 to 3 micrometers and more. With a further increase
in the pressure, the polymerization process in the volume of the dishcarge
developed even more intensely., The waveguide properties of such structures
were considerably degraded.

The structure of the thin polymer films was studied by infrared spectros-
copy, The spectra of the original GMDSZ and the polymer films based on

it are shown in Figure 2a. The presence of absorption bands at 940 cm~1,
which correspond to the valence antisymmetrical vibrations of the Si-N-Si
bond, is characteristic of the IR spectrum of the original GMDSZ. Absorp-
tion bands at 3,380 and 1,190 cm~1 belong to the valence and deformation
vibrations of the N-H groups. Absorption in other regions of the spectrum
is due to valence deformation and pendulum vibrations of the carbon-hydrogen
bond in the methyl groups and the Si-C bond [4].

In a comparison of the spectra of the polymer film (1) and the original
monomer (2), it was found that the redistribution of the intensity of the
absorption bands is substantial in a range of 650--1,200 cm~l. Moreover,
the absorption bands which correspond to the deformational and valence
vibrations of the N-H bond (3,380, 1,560 and 1,190 cm~1) and the valence
vibrations of the Si-C bond (692 cm™), are reduced in the spectrum of

the polymer, This is evidence of the fact that the polymerization process
occurs both by virtue of the rupture of the Si-C and C-H bonds, and by means
of the rupture of the N-H bonds and the compounds of the fragments formed
via free bonds [5].

The IR spectra for polymer films of differing thicknesses based on OMTS
are shown in Figure 2b. The 1.035 cm-1 absorption band corresponds to
valence antisymmetrical vibrations of the Si-0-Si siloxane group. Bands
corresponding to vibrations of methyl groups (1,255, 1,420, 1,460, 2,915
and 2,950 cm~l) are intensively manifest in the spectrum of the polymer.
As can be seen from the figure, the ratios of the optical densities of
the bands of the valence vibrations of the $i-0-S51 groups to the bands of
methyl group vibrations (Dgi-0-Si/DCH2) for all the polymer films remains
constant, and is equal to 1,5, This allows the conclusion that the struc~-
ture of the polymer formed does not depend on the film thickness or the
duration of the polymerization process.

Thus, through the choice of the appropriate discharge conditions and the
original monomers, inhomogeneous planar dielectric waveguides can be
fabricated using the given technology with a specified law governing the
change in the index of refraction with respect to film thickness. The
inhomogeneous dielectric waveguides have great possibilities as compared
to homogeneous ones. They allow for an expansion of the single mode band
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of frequencies, the transmission of pulse signals with little distortion, the
compensation for the dispersion of the material, etc. [6].
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Electromagnetic Wave Propagation;
Ionosphere; Troposphere; Electrodynamics

UDC 537.867:621,3.018,2
THE ACTIVE CANCELLATION OF ELECTROMAGNETIC WAVES

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 10, Oct 79 pp 1982-1988
- manuscript received 2 Jan 78

[Article by V.V. Tyutekin, A.T. Ukolov and M.V. Fedoryuk]

[Text] The problems of the active cancellation of a
steady-state electromagnetic field in free space and
in a waveguide are treated., It is shown that in a
region outside the source, the electromagnetic wave
can be completely cancelled by using receiving and
radiating surfaces on which point dipole receivers
and radiators of both electrical and magnetic types
are continuously distributed,

The problem of cancellation with a precision of down
to the inhomogeneous modes is treated for a waveguide
which is uniform over the path, It is shown that this
problem can be solved with the use of a finite number
of receivers and sources, equal to twice the number of
propagating modes.

So called active methods of cancelling acoustical fields have undergone

rapid development in recent years in acoustics. The essence of these methods
consists in the fact that by receiving information on the initial field by a
system of receivers, processing it in the requisite manner and radiating a
secondary (cancelling) field by a system of secondary radiators, reductions
in the levels of the original field are achieved in a specified region of
space. Although the problem of developing and applying active methods to
changing the levels of sound fields was studied comparatively long ago, its
solution did not have a strictly theoretical substantiation until recently.
The most complete and exhaustive substantiation of the problem of active
methods of cancelling acoustical fields was set forth in [1, 2, 3], as well
as in the paper [4] which was close to the idea of these. The possibility of
total cancellation of an original field of any kind inside (or outside) a
closed surface by means of creating receiving and radiating systems around it
consisting of monopole and dipole type elements which physically realize
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closed lluygens wave surfaces, was theoretically demonstrated for the first
time in the papers cited here. The essential feature of such systems is
the fact that their structure does not depend on the kind of incident field.

Later, a number of experimental works appeared in which active systems
designed around this principle were studled, where the systems cancelled
acoustical waves for a single mode waveguide [5, 6, 7], a multimode waveguide
[8], for free space [9], etec. Moreover, this principle was extended to the
case of elastic waves [10], and flexure waves In rods and plates [11].

Active cacellation of wave fields, based on the construction of receiving
and radiating Huygens surfaces, is treated in this paper for the case of the
cancellation of steady-state electromagnetic fields.

1. The formulation of the problem., We shall consider an electromagnetic
field in a space R3, filled with an isotropic medium, with smooth real
€ (x) and » (x). The fields U satisfies the system of Maxwell's equations:

1) LU= (rot H+ikeE, rot E—ikpH)=J.

The time dependence is given by the factor exp(-iwt), x = (x1, x2, x3),
U (x) = (E(x), H(xX)), J (x) are the 6-vectors (all column vectors).

It is assumed that € and u tend sufficiently quickly to the positive constants
when [xl + = and that the field U satisfies the radiation condition.

Let S be a smooth closed surface, D— be its interior, Dt be exterior, and
the sources J which produce the field U are located at pt, i.e., J (%) =
=0, x € D”. Let ¥ be a smooth closed surface which contains § within
itself, and J (x) = O within S. We shall position electrical and magnetic
and dipole radiators (receivers) continuously on S( ), and pose the problem:
the generation of a compensating field U* such that the total field in the
region D= becomes 0, while in the region Dt, it remains equal to the incident
field; moreover, we shall require that the receiving surface does not react
to the field incident to the system from without. This problem is broken
down into two parts:

- I. The Radiation Preblem. TFind those densities of the radiators on S so
that the compensating field U* (x) generated by them has the form:

V@), xeD-,

v@={o " ep

(2)

then the overall field U will be equal to:

0, x=D-,

- : U(x)={U(x), xeD*.
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II. The Receive Problem. Obtain all of the information needed for the
operation of the gadiators, from the readings of the recelvers which measure
the field U on S.

We will note that the second part of condition' (2) assures the absence of
undegirable feedback between the recelvers and the secondary radiators.

To solve the active cancellation problem, we need certain properties of
Green's operator, and we shall now move on to a consideration of this.

2. Green's Operator., Let G(x, x') be a Green's matrix of the system of
Maxwell's equations (1), i,e,, the solution of the equation:

4
LG (x, %) = -2 § (x—x') I,
C

which satisfies the radiation condition (Ig is a unit 6 x 6 matrix), and
U (x) = (E(x), H(x)) is an arbitrary smooth vector.

We shall introduce Green's operator (PSU)(x) using the formula:

1 __C_ . ’ ’
5 (TsU) (x) = 4:{!@(” ) U, (x)ds",

Un(x) = ([H(x), 0]}, [E(x),n]).

Here S is the smooth closed surface, ny is the exterior normal to S at
the point x, and [a, b] is a vector product.

Tt follows from definition (3) that Green's operator describes the field
generated by the radiating surface on which electrical and magnetic dipoles
with vectors demsities of p(x) = (c/4m) [H(x), nx] and m(x) = (c/4n)[E(x),
ng] respectively are continuously distributed., There is an arbitrary aspect
to the selection of the number of dipoles and the orientation of their axes,
located at one point, For example, the surface can be constructed so that
there are two electrical and two magnetic dipoles at each point with axes
tangential to the S plane. The axes of the electrical (or magnetic) dipoles
do not fall on one straight line, while their vector densities pj and p2

(m3, m2) are such that pj(x) + p2(x) = p(x) (my(x) +my(x) = m(x)). The
surface which is constructed in this manner possesses the following property:
in the case of a change in the vector U, it is not necessary to change the
orientation of the axes of the dipoles; it is sufficient to change in an
appropriate manner the absolute values |pp| and |py| (|my|, [mp|). 1In this
case, the selected number of radiators at each point is minimal, The basic
property of Grecn's operator is the following:

(TsU) (x) =0s(x) U(x),
LU(x)=0, x soyrpu S,

4)

(inside 8),
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where 04(x) = 1, when x is inside S, and 0g(x) 2 Q, when x is outside S,
The proof of the well known formula (4) follows from the lemma of Lorentz.
= In fact, let D be a limited region with a smooth boundary $, and then:

(5) J‘ {(U (x')»L:'G(x'.x))—

' , , 4
=(G(x',x), Lo U(x'))}dx =T"e,(x)u(x),
We shall make use of the lemma of Lorentz:

J 060, 0x)) = (0 (x), LU (x)) ) dx=

=j{(1§,ﬂ,n)—(E,ﬁ,n)}ds.

Here (a, b, c) is a mixed 3-vector product, (a, b) = Lajby is the scalar
product of the 6-vectors or 3-vectors., By applying this lemma to the left
side of formula (5), and taking into account the equality G(x, x') =

= GT(x', x) (the reciprocity principle), we obtain formula (4),

In comparing expressions (2) and (4), we find that:
(6) U (x)=(Ts(~1)) (x).

It follows from (6) that the solution of problem T is realized by the radia-
ting surface described above, in which case:

: P+ (%) P2 (X) =p (x) =— ——[H (x), n. ],
(7) [HI
m, (x)+mz(x)=m(x)=—Z:'?[E(x).n,],‘ x8.

Applying formula (4), we find that the solution of the receive problem is
given by the formula:

8) U (x) =(TzVU) (x), x€S.

Finally, the active gancellation scheme looks like this: By means of re-
ceivers arranged on S, we measure the components of the electromagnetic field
tangential to S. Then, by computing the integral I'gl, we find the amplitudes
of the electrical and magnetic dipoles on S, which must be specified in order
to obtain the compensating field.,

In order to compensate for the field U outside of S, it is sufficient, of

course, to position only electrical dipole radiators on $ (correspondingly,
in the acoustical problem, one can place only monopole radiators on S).
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But then the radiation will not be unidirectional ~ the compensating field
will not be zevo outside S, i,e., feedback will appear between the radiators
and the receivers,

The integral TzU can be approximately replaced by an_integral Riemannian sum.

This means that one must place a discrete system on $ consisting of a suffi-

ciently large number of receivers. Correspondingly, we shall place a dis-

crete system of radiators on S. Then the calculation of the amplitudes of

the radiators on S reduces to a radio engineering problem. Each recelver

must be coupled to each radiator, including in each such coupling an ampli-
~ fier and a phase shifter.

The cancelling system treated here differs from the analogous acoustical
system in having twice the number of both receivers and radiators (in the
acoustic case, located at each point of the receiving and radiating surfaces
were one monopole and dipole each, and in the electromagnetic case, two el-
ectrical and magnetic dipoles each). This circumstance is due to the fact
that it is necessary in the electromagnetic case, in contrast to the acous-
tic one, both when receiving the original field and when radiating the secon-
dary field, to take their polarization into account.

We will note that the processing of the readings of the receivers based on
formula (7) makes the receive surface unidirectional. TIn fact, let a field

U™, generated by a source J~ which is located in D~ fall on $ in addition to
the field U. Then:

) (g (U U (x) = (T 0) () + (TgU7) (x) = U (x), x €.
The latter equality obtains by virtue of a formula similar to (4):

(4" (IsT) (x) = (05 (x) 1) T(x).

- Here, U satisffes the homogeneous system of Maxwell's equations outside of
S and the condition for cancellation feasibility.

Other variants of the active cancellation problem have also been studied in
a similar manner. For example, let it be necessary, as before, to cancel a

- field U in the region D™, but let there be a source J~ such that J™(x) = Q,
x Dt. Then formulas (6) remain unchanged, while (9) obtains instead of

(8).

3. The waveguide problem, Let W be a waveguide with an axis x3, with a
smooth boundary and with ideally conducting walls, and the field U satisfies
equation (1). Here, J(x) = Jt(x) + J™(x), J* are smooth finite vector func-
Z tions of J*¥(x) = 0 when x3 > Z;, J™(x) = 0 when x3 < Z2, 71 < lp. It is

’ required that the right half, W, of the waveguide be insulated: x3 > Ip
from the sources J* located to the left, i,e., it is required that the fol-
lowing field be generated: IP(X)=b—U+(x)®(xy—kL
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We shall take the sections x3 = 1) and x3 = I, respectively as the receiv-

8 radlating S surfaces,

waveguide W, while the normal n will
follows from this that the axes of the
ators, located on S, fall in the plane
ent for the proof to apply formula (4)
virtue of the boundary conditions, the

Then, formulas (6) and (8) are preserved, but
lnstead of Green's matrix G, the Green'

s matrix Gy must be taken for the

be directed along the x3 axis. It
electrical and magnetic dipole radi-
of the cross-section, It is suffici-
to the region x @ W, a < x3<N, By
integral over the surface of the

wavegulde goes to zero, while the integral over the cross-section x3 =N
tends to zero when N + 4« because of the radifation conditions.

We shall consider a regular waveguide W with a constant cross-section D.

Let € and u be smooth real functions which do not depend on x,.

The problem

is treated with the assumption that the receivers and radiatots, and the

external sources, are spaced sufficiently far apart.

Then, one can neglect

inhomogeneous modes and limit oneself to the cancellation of only the pro-

pagating modes. The normal modes have

the form U“(xl, x2)exp(iyyx3), where

* is an eigen function; the spectrum of the corresponding boundary problem
in the cross-section, as is well-known, is symmetrical with respect to the

point o = 0,

(10)

Let the frequency w be nonecritical; then:

Gw(x,x')= Z C +a 0XP (iYae (zy—2s") ) X

XU (x/, z,))TU** (2, z,).

The summing is carried out with respect to those Yo such that y, > Q0 or

Imyyg > O,

The plus or minus signs are chosen when x3 > xé and x5 .< x:'; respectively,

(1) Ciﬂz:’:(Uul U—u}_|1

where we designate: {U®, U”}=5 ([0, E*],—[E*, B°],,) dz, dz..
b

gonality relations follow from (4):
(12)

This relationship is also preserved in
cal complex tensors.

The ortho-

(U, U)=0, atpo,

the case when € and yu are symmetri-

In an absorptionless medium (e and y are Fermitian

tensors), expression (12) is replaced by the followlng one:

(13)

{U=, (U%)*}==0, a+fs=0,

In the case of constant values of € and u, expression (12) is simplified,
as is well known, and has the form [12]:

D
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Let the frequency w be such that there are exactly N propagating modes
in W.

The field generated by the source J+ has the following form when x3 > I3
(all subsequent formulas are written with a precision of down to the inhomo-

geneous modes): -
Ut(x) =Z VatUe(x).

Cum i

We shall normalize the eigenfunctions with the condition {Ua, U—a} =1,
We shall locate electrical and magnetic dipole radiators at the point
xigs, 1 S 1 £ 2N, where the axes of the radiators fall in the plane (x1,
%x2). We pose the following problem: Select the amplitudes and axes of the
radiators such that the field produced by them is equal to -Ut(x)0(x3 - 7).
This problem is substantially nonunique because of the arbitrary nature of

_ the orientation of the radiators; we shall orient them in the same way, in
the g direction, Here, g is a 6-vector, for which even one of the first
three and even one of the last three components can be different from zero.
We write the compensating field in the form:

U= Y vigi(x),

()

where g;(x) is the field of a radiator located at the point xl, i.e.:

g(0=)" CrU(x), Cut=(U™(x'), g).

[- 251

From the conditions for the field U*, we find the following from Cramer's
rule:

A
Y= 7_‘ s A=detI|Cm*||-

The problem posed is solvable if A # 0. This condition is of the nature of
a prohibition on the positioning of the points x1,

By way of example, we shall consider a very simple problem: a waveguide with
a rectangular cross-section, 0 < x] < a, 0 <xp <b, a>band € and u are
constants. Let m/a < kv/eu < wb. Then only the Hyg mode can propagate in
the waveguide. TIts nonzero components have the form (after division by
exp(iiyxB)):
Eyt=—lp sin —
2 W sin—uz,,
: a

. i E
H#=xysin—z,, H*=i—— cos — z,.
a a a
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The plus or minus signs are chosen for waves traveling to the right (or to
the left), y=Vhep—(nja)'. . The external fields have the form U¥(x) =
- = (4n/c)A*Hig when x3 > 17 and x3 < lg respectively (I3 < I3). The problem
consists in cancelling the field Ut(x) iIn the region x3 > 19, without radia-
ting anything in this case into the region x3 < I3, Let Zl = 0, OWE place
electrical and magnetic dipole receivers at the point PO = (x9, x5, 0) of
the section Xq = 0, orienting them along the Ox and 0Ox] axes respectively.
Then, based on measurements of the total field U at this point, one can
find the amplitude At of the field Ut:

cykp

B P g Ty

We shall place electrical and magnetic digole radiators having the same
orientation as above at the point Pl = (xl, x%, 12). These radiators
generate the fields:

- U= i sin(lxﬂ)]lm*(x);
cYab a .
4
= i sin (—n—x.‘)Hm*(x)sgn(z,—l:).
ckpab a

Knowing A+ we determire the amplitudes p and m of the radiators:

_ yabA* . kuabd+
p=——re——— e MO0
2sin(z n/a) 2sin(z,'n/a)

Then the compensating field U*(x) has the form:
. 4r
U*(x) =pU, (x) +mU, (x) =~ AT H W (%) 0 (z5--14),

i.e., such a pair of radiators cancels the field Ut when Xq > ZZ’ and does not
radiate into the region xj < I,.
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UDC 551.501.8

DETERMINATION OF THE MOISTURE CONTENT OF A CLOUDLESS ATMOSPHERE FROM MEASURE-
MENTS OF OUTGOING MICROWAVE RADIATION FROM ON BOARD AN ATRCRAFT -

Gor'kiy IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY, RADIOFIZIKA in Russian Vol 22
No 9, 1979 pp 1077-1084 manuscript received 12 Jul 78

[Article by V.A. Rassadovskiy, Scientific Research Radio Physics Institute]

[Text] Regression equations are obtained for determining the moisture content
of both all the strata of the atmosphere and in the layer below flight altitude
from measurements of outgoing radio-frequency radiation in the vicinity of
water vapor absorption line X = 1.35 ecm from an altitude of H = 3 km above
the water surface. Estimates are made of the sensitivity of the method in
measurements of outgoing radio-frequency radiation over different surfaces.

The procedure and results are given of an experimental determination of the
total moisture content of the atmosphere above a water surface. Severzl possi-
bilities are discussed for determining moisture content characteristics trom
two—channel difference measurements.

At the present time the determination of the total moisture content of a
cloudless atmosphere from measurements of outgoing radio-frequency radiation

" in the water vapor absorption line centered at A = 1.35 cm has been worked
out the most completely both on the theoretical and experimental planes in [1-5].
A generalization of the results obtained is contained in monograph [12]. The
triviality of optical thicknesses, t , of the atmosphere in this line for
a wide range of values of the total mass of water vapor, Q , in a colum of
the atmosphere is the physical basis for the procedure, based on linear re-
gression equations relating the brightness temperature of the outgoing radio-
frequency radiation measured at altitude H to the unknown values of Q . -
In this study are investigated the possibilities of further developing this
procedure. In particular, a comparison is made (in terms of accuracy of
determination of the unknown parameter) of measurements at different wave-
lengths, and the results are given of a determination of the total mass of
water vapor from vertical absorption of the atmosphere (the proper method
has certain advantages for the case of a cloudy atmosphere).
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1. 1In the required linear regression equations

To=ar+ 0 Q'; oh)

"=+ dQ
(2)

an estimate of unknown coefficients can be made by different methods. The
authors of [2] made such an estimate from a family of T (Q) curves,
obtained on the basis of model calculations for differen%as%ates both of the
underlying water surface and of meteorological parameters of the atmosphere.
In estimating the coefficients of equations (1) and (2) we used the following
procedure. From summer data from aerological sounding for a number of years
in the centrgl section oi the European sector of the USSR were calculated
values of T and T 2 for the case of observing the nadir from a flight

- altitude of yﬁlk= 3 km , for each i-th sonde from the equation

H, H,

Tya = (1 — R) Ty exp(— u) + 6{ T (k) y(h) exp [ — hj} () dr | dh +

©)
H k
+ Riexp(—) | Ty y(wyexp|— [ r(nyan|dn.

0 , i
, (3)
H

In (3) Hi is the aircraft's flight altitude, T, = fl y(h)dh , H is the

altitude of the upper limit of the atmosphere, R ig the mirror reflection
coefficient for the surface in terms of power, T, 1s the kinetic temperature
of the underlying surface, T(h) 1is the atmosphere's temperature profile,

and y(h) = Yo (h) + Y4 0(h) is the absorption coefficient of a cloudless

atmosphere, de%ermined %y the contributions of water vapor and molecular
oxygen. The expression for y(h) was taken from [6], where it 1is presented
while taking into account corrections for experimental values of Yo (h) and

for nonlinear absorption in terms of p (absolute humidity). The vaiues of

R, for observation above a smooth water surface were calculated from the
equations in [7]. We have disregarded the contribution of cosmic radio-
frequency radiation re-echoed from the surface on account of its triviality

and the possibility of taking it into account in processing measurement results.

For purposes of comparing the feasibility of sounding at different wave-
lengths, calculations were made at two frequencies: v, = 20.83 GHz and

v, = 22.22 GHz . 1

Then the coefficients of regression equations and confidence intervals for
coefficients were calculated by the method of least squares. The equations
obtained relate the brightness temperatures of the outgoing radio-frequency
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radiation and ahsorption in the O0-H (km) layer to the mass of the water

vapor, Q' (g/ecm”) , in atmosphere column 0-H, (km) . For frequency v, ,

for purposes of comparing feasibility and processing experimental data, was
obtained the regression equation

© Tav=m+mQ, . (%)

where Q 1s the total mass of water vapor in all layers of the atmosphere.*
Results of calculations are given in table 1.

Table 1.
1) Yacrora, I'T'y 20,83 2,22
a 1240 127,3
Ag 2,68 3,49
b 17,2 22,3
“Ab 1,32 1,72
c 0,0067 0,0074
Ac i 0,0074 . 0.0104
d 0,0483 0,0679
Ad 0,0036 0,0051
B n 122,3
= an 3,28
m 18,9
~ Am 1,22
Key:
1. GHz

_ In regression equations for radio brightness temperatures (1) and (4),
coefficient n, contains the brightness temperature of the underlying surface
and the radiation of molecular oxygen (both direct and re-echoed). In
coefficient a, , in addition to the components indicated, is contained also
the radiation, re-echoed from the surface, of the water vapor of strata of the
atmosphere above the flight altitude (averaged for the ensemble of sondes
employed). Coefficients b, and m, , characterizing the sensitivity of the
brightness temperature to cﬁanges in"mass of the water vapor, depend heavily
on the type and state of the underlying surface.

In fig 1 is given the dependence of the mean sensitivity of the radio brightness
temperature to changes in the total mass of water vapor, my, , on the surface's

*According to our estimates, the correlation factor between the brightness

- temperature measured,from an altitude of H, = 3 km and the total mass of

- water vapor, Q (g/em”) , can reach 0.989, which confirms the possibility of
obtaining information on Q over a water surface with microwave measurements
from relatively not too great altitudes.
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R, , computed for sonde realizations of Q in the range of 1 to 3 g/cmz,

and with an altitude distribution corresponding to an exponential model

with a characteristic altitude of 2.2 km. It is obvious from this figure
that for values of Ry corresponding to a smooth water surface mﬂ::l6°K/g'cm‘2,
which is considerably lower than the values obtained by us. This discrepancy
represents a reflection of the fact that the dependence shown in fig 1 was
obtained for conditions of independence of the state of the atmosphere (in
this case of its moisture content) on the state of the underlying surface.
Under real conditions the water vapor in the atmosphere by its nature is
related to the state of the underlying surface, and there can be observed
both a shortage of moisture [13] (arid areas), and an excess of it (e.g.,

as the result of cyclone activity). Over vast water surfaces water vapor

on average is of a convective nature. In this case the amount of water

vapor in the atmosphere is on average greater for states of the surface
corresponding to higher temperatures. The brightness temperature of outgoing
radiation of the atmosphere per se can be represehted in the form ’

Ta=Tep(l—e~), ; (5)

and the mean temperature of the atmosphere in the form
- Tep=T(0) — AT,
(6)

where T(0) is the temperature of the air at the surface, which correlates
well with TO in the case of a water surface, and AT is the correction for
the nonisothermicity of the atmosphere [8]. From (5) and (6) follows a
greater (than that caused only by an increase in Q) growth in T, for -
"hotter" surfaces. This fact also results in an increase in m) with regard
to the data in fig 1. Thus, the coefficients of regression equations for
Tyad depend in a complex manner also on the nature, unknown beforehand, of
interaction between the atmosphere and the ynderlying surface. Hence it
follows that substantial refinement of coefficients for a specific realiza-
tion (in particular, by refining the temperature of the surface as compared
with the mean seasonal by means of an additional receiver in the centimeter
band) meets with considerable difficulties. It is interesting to note that
the accuracy of a determination of Q in terms of Tyaa , which can be obtained
_ from confidence intervals for coefficients of the regression equations given
in table 1, is in good agreement with the data of [2,4], in spite of the
difference in the coefficients themselves caused by the selection of sta-
tistical data on the atmosphere and underlying surface. In our opinion,
this agreement is the consequence of the factors mentioned above. When
observing over sections of dry land having lower values of R) as compared
with the water surface, the relative contribution of the reasons discussed
for the variability of the sensitivity of the brightness temperature to
changes in the total mass of water vapor increases, which together with
real errors in measurement of brightness temperatures severely worsens the
method's capabilities even when observing over homogeneous sections of dry
land.
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Figure 1. Dependence of the Sensitivity, m. » of the Radio Brightness
Temperature at A = 1.35 em to éhanges in the Total Mass
- of Water Vapor, on the Mirror Reflection Coefficient, RA s
of the Surface (Observation Toward the Nadir from an
Altitude of H, = 3 km ): 1--Surface Temperature of 278°K;
2--Surface Temperature of 293°K

Key: 2
1. °K/g-cm

In [9] are given model calculaticns of variations in brightness temperature
caused by variations in the altitude distribution of water vapor with an
unchanged moisture content when observing from an altitude of H. = 3 km .
The variations in brightness temperatures for frequencies of 20.%3 GHz and
22.22 GHz equaled approximately 3°K with fixed T, . In the real statistics
of sondes, the contribution of these variations is completely "washed away"
by the factors mentioned above. A comparison of the equations obtained for
different frequencies from the viewpoint of "zero errors" in the method does
not make it possible to give preference to any of them. However, if the
errors in measuring T are taken into account, then a determination of
the integral moisture Xgn%ent is made better at a frequency of 22.23 GHz, since
here with equal errors in Tya y are obtained lower errors in Q .

A substantial improvement can be reached in the accuracy of determining Q

by using equations not for brightness temperatures but for absorption. In-
terest in this changeover has grown considerably in the case of a cloudy
atmosphere by reason of the additivity of absorption, but at the present time

a practical procedure has not been worked out for determining the total vertical
absorption from on board an aircraft.

2. Experimental measurements of outgoing radio-frequency radiation on line

- v A =1.35 cm were made in May-June 1976 from on board an TL-14 aircraft in
the area of the Rybinskoye Reservoir in keeping with a joint scientific
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program with the USSR Academy of Sciences IFA [TInstitute of Physics of the
Atmosphere]. The reception of radio-frequency radiation was accomplished
with a horn antenna with a directivity diagram width in relation to the half-
power level of 10°, installed in the nadir direction, by means of a modulation-
type radiometer with a fluctuation threshold of sensitivity of 0.4°K. The
design of the radiometer and its characteristics are given in [10]. Calibra-
tion of the receiver in relation to the antenna temperature was accomplished
with reference to an internal reference noise signal source. For the purpose
of calibrating the radiometer's scale in terms of radio brightness temperature,
- a series of flights was made under conditions of stable weather conditions,
after which the factors for the conversion from antenna temperatures measured
in this series to computed radio brightness temperatures were found by the
method of least squares. As the reference level for the brightness temperature
during the days of the following measurement cycle was used the radio-frequency
radiation of a surface covered by a forest, in view of its independence, noted
above, on the state of the atmosphere. Since aerological sounding was not
carried out immediately in the flight area (the nearest sounding station was
located at a distance of 50 km on average from the meaurement area), we made
a measurement of vertical absorption, T . of the atmosphere in the 0.1 to
3 km layer, not requiring calibration 09 the radiometer. Actually, using
equation (3) and the equation for the relationship between the brightness and
antenna temperatures, it is possible to demonstrate that

A 1]

M = exp(_ro)’
Tar—Tau
where superscripts 1 and v dindicate antenna temperatures measured above
a forest and above water, respectively, and subscripts 1 and 2 , antenna
temperatures measured above surfaces at altitudes of 0.1 and 3 km, respectively.
By virtue of the triviality of absorption, the differences of antenna tempera-
tures at different altitudes are approximately equal and the accuracy of de-
termining the relationship is determined by the stability of the equipment and
the accuracy of making readings (the influence of the receiver's internal
noise is not important, since forest-water contrasts are sufficiently high).
Therefore measurements of T according to the procedure described served

- for us as a criterion for elgménating gross errors in measurements of the
- brightness temperature of outgoing radio-frequency radiation.

The results of measurements of brightness temperatures and absorption are
shown in table 2. 1In fig 2 is shown the variation in the integral moilsture
content during the observation period, computed from the data of aerological
sounding. @Given there also are values of Q computed from measured values
of brightness temperatures and absorption. The agreement of the values of

- Q computed in relation to T a and 9 , even without taking into

- account the error in measuremfat’of the radéo brightness temperature, which
equaled approximately 5°K when calibrating by the procedure described, makes

- it possible to conclude that there is considerable variability in the integral
moisture content of the atmosphere on relatively not too great spatial scales.
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_ Table 2.
1) Jata 27):u-nl K 3;-‘.:3-«‘ K 42n!1u' Henep s.guau, Henep
- 24.05.76 152,8 133 0,084 0,029
25.05.76 149,9 | 134 0,073 0,039
26.05.76 156,5 158 0,092 0,080
28.05.76 142,6 144 0,054 0,046
30.05.76 151,3 — 0,075 0,079
4.05.76 153,9 156 0,098 0,112
5.05.76 146,6 164 0,073 0,157
6.05.76 148,4 156 0,071 0,086
7.05.76 156,5 153 0,101 0,049
Key:'
1. Dat 4, 1€ nepers
2. Tvygh [calculated] , °K izm ’
5. T , nepers

3 TX%m [measured]

ya » °K
- ' 2 U, e/en? '
v 1)

20t

15t

10

o5t _ i
- 3
RPRR- PR g

- NPNTNA
20 24,2) 28 3) 5§ Zwm 4
Hawn ) HHOHY Mecaua .5

Figure 2. Variation in Mass of Water Vapor, Q' (g/cmz) , in a 0-3 km
Atmosphere Column During the Observation Period:
[Caption continuation and key on following page]
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solid line--data from aerological sounding; circles--values of
Q' computed from measurements of T a’ triangles--values of
Q' computed from measurements of T

0
Ky 1. g/cm2 4, Days
2. May 5. Months
- 3. June

3. Let us now dwell briefly on the feasibility of further refining moisture
content characteristics in connection with making multi-frequency measurements
of outgoing radio-frequency radiation. Let us turn, in particular, to two-
channel measurements, in favor of which can be presented the followlng arguments.
First, the kernels of integral equations for outgoing radio-frequency radiation
at different frequencies in the vicinity of A = 1.35 cm can in a first approxi-
mation be approximated by linear functions of altitude, at least up to an
altitude of 6 km [11l]. By virtue of this fact, measurements at just two
frequencies will be independent, which in turn speaks in favor of the ability

: to obtain information from such measurements of two parameters of the moisture
content of the atmosphere.

Secondly, the variations in brightness temperatures for variations in the
altitude distribution of water vapor are not too great [9], and with the
modern sensitivity of equipment it is possible to rely on measurement of
just maximum contrast (in terms of the line's slope).

Thirdly, since the difference in frequencies for measurement of these con-
trasts is not too high (approximately 1.5 GHz), it is possible to make a
radiometer which would measure directly the difference in brightness tempera-

- tures. Furthermore it is possible to improve measurement accuracy by increasing
the accuracy of calibration of the receiver and reducing the influence of the
state of the underlying surface.

In fig 3 is given the ensemble of AT calculated for frequenciles of 20.83
GHz and 22.22 GHz for the ensemble of’8ondes employed in sec 1, when observing
over a water surface. Plotted there also 1s the line of least squares. As
was expected, the difference in brightness temperatures proved to be suffi-
ciently sensitive to variations in characteristic altitude H_  in order for
it to be able to be recorded reliably. The brightness tempergtures for days
with a different altitude distribution of water vapor can differ by 5 to 6°K
with an identical integral moisture content. At the same time the set of
polnts corresponding to identical H_  1s approximated with high accuracy

by a straight line regardless of theptemperature of the underlying water
surface. The line of least squares corresponds to H = 2.2 km (white dots).
As is obvious from this figure, the maximum differencls from a straight line
arée not greater than approximately 0.5°K for sondes with the H_ in question,
although the surface temperature for them fluctuated over a widB range

- (+ 10°K).
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Figure 3. Ensemble AT =T - Calculated from Aero-

ya ya v Tya Vi o,
_ logical Sounding Data fior the Summer Months of a«Number of
Years in the Central Section of the European Sector of the

USSR

Key:

A °K 2. Q, g/cm2

Tya A
Thus, it can be concluded already from a brief analysis that in observations
at least over a water surface it is possible to refine information on moisture
- content characteristics, although, of course, the procedure for obtaining this
information must be different from the regression equation procedure. The
development of such a procedure, it can be hoped, will make it possible to
achieve a substantial improvement in the accuracy of determining moisture
content characteristics from measurements of outgoing radio-frequency radiationm,
as compared with the regression equation procedure, whose possibilities have
by this time been apparently exhausted to a considerable extent.

The author wishes to express deep gratitude to A.P. Naumov for assistance in
formulation of the problem and discussion of results, to M.S. Malkevich and

A.P. Orlov for active assistance in performing the experiment and to M.B.
Zinicheva for making calculations.
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UDC 621.371.242.7

SOME FEATURES OF THE RAY TRAJECTORY IN THE PROPAGATION OF RADIO WAVES IN AN
IRREGULAR IONOSPHERIC WAVEGUIDE

Gor'kiy IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY, RADIOFIZIKA in Russian Vol 22
- No 9, 1979 pp 1061-1069 manuscript received 9 Oct 78

[Article by M.V. Tinin, Irkutsk State University]

[Text] By the averaging method an investigation is made of the behavior of
a ray in a three-dimensionally inhomogeneous ionospheric waveguide. TFor
ray variations are obtained expressions which are suitable both at great and
at short distances.

1. Introduction

In recent times a number of studies have appeared, devoted to the waveguide
propagation of signals in an inhomogeneous medium, important, in particular,

in the long-range ionospheric propagation of short radio waves [1-4]. Wave-
guide propagation has been studied quite well for layered media [5]. Of

great interest is the investigation of irregular waveguides whose properties
vary along the route. In a geometrical optics approximation such an analysis
involves asymptotic integration of the ray trajectory [6]. When the properties
of a waveguide vary fairly slowly along the route, for a number of estimates

is used the condition of constancy of the adiabatic invariant [3,4].

For the purpose of determining variations in the ray trajectory in the hori-
zontal plane in a three-dimensionally inhomogeneous medium, in [3,7] is used
an adiabatic approximation. However this approach is valid only with a great
distance between correspondents and does not agree with certain results [8-11]
of the usual perturbation method, which is applicable at least with short
distances. In this study, for the purpose of analyzing ray variations in a
three-dimensionally inhomogeneous medium is used the averaging method [12-14],
which has made it possible to obtain expressions valid both at short and at
long distances.

2. Application of the Averaging Method to the Ray Equation

Let us consider the behavior of a ray in a waveguide formed in an inhomogeneous
medium whose dielectric constant equals
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e=z(vx, vy, 2)

Here by adding minor parameter v << 1 we explicitly take into account
The behavior of

- the slow variation in the medium in the horizontal plane.
the ray is described by the following system:

_di-—ctg!-

dx b

- dy
— = t{g;
dx 5

do 1 dz d
— = — (] 4 sin?¢ tele ——-ctgy —
dx 2¢ (I +s ‘Tg(")(dx &Y 0z
- >d9 1 oz de
_ —_— == — (1 osto cto? ) [ —— — =2
dx 2s(+CSt‘7C° 1))(dy ox tg:p).

In (1) to (5) z , x and y are the Cartesian coordinates of the ray,
Y 1is the angle between the 2z axis and the projection onto plane Xz

the tangent to the ray and ¢ is the azimuthal angle.

(1)

(2)

3

(4)

(5)

of

In order to employ the averaging method [12-14], it is necessary first to

transform system (2) to (5). For this purpose we introduce new "slow"

(a, T, 0) and "fast" (K) variables:

e(r, o, 2)sin?¢
1+ sin?9 tghe

n

.1 Vacossdz
/‘=—T—j h%—ﬁ“Ko,

Vicostr —a
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1, —
T 2J‘ Va coso
J Vecos's —a

(10)

is the period of oscillation of the ray trajectory. The integrals in the
right halves of (9) and (10) are taken with fixed values of parameters o ,
- $,T and o , and the turning points, Z; 4 (t,0) , are determined from the
’

condition

(%, 9, 2;,2) coste —a =0,

(11)

The meaning of the symbols in (8) and (9) 1s sufficiently clear for a hori-
zontally homogeneous medium. In this case ¢ = const and o takes on the
- value of a constant in the Snell's law,

« 0 == ¢(2) sin*p = const,

(12)
where the angle of incidence, B , 1s determined from the equétion
sin®3 = —ﬂ__ .
¢ 1+ 20 4B,
. sin®d tgto (13)

For a horizontally homogeneous medium, K , as is obvious from definition (9),
represents the horizontal range of the oscillating ray normalized for period
T . Therefore in a layered medium the waveguide trajectory is a periodic
(with a period equal to 1) function of K .

In the symbols of (6) to (10) ray trajectory equations assume the following

form:

APPROVED FOR RELEASE: 2007/02/08:

dK 1

___=—-—__.+VS(¢, T, d, (Pl K;

dx T(al T"G,' ?) ) ’ (14)
da de
7;—”"0—1(7c s, K);

(15)
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da
——=vige;
dx (16)

do - vcos’q[ de

de - -
& =S lar e - S e ),

17)

18)

where S 1is the result of differentiating in terms of T the right half
of equation (9) with fixed =z :

d P} 0K | de 0K
S= —— e t 5 am— ————
m Aty L A PR P P
cos's [ 0= FRY
Har [':*‘g‘-’—:]i;;

(19

System (14) to (18) is a system with a rapidly rotating phase [12,13]. The
right halves of equations (14) to (18) are periodic functions of fast variable
K and, consequently, permit averaging. Therefore it is possible to apply

to this system the usual arrangement of the averaging method [12,14], similarly
to how this was done for a two-dimensionally inhomogeneous medium in [15].%*

As a result we get

K=n4vyu 4+, + ..

(20)
a=a+val + 2w + .
(21)
o=a4yul® +vuf 4 ..
(22)
: : =g +vul® v+ .,
- ‘ (23)

*Cf. also [16].
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Where

1

“l“rbf [D—F,]lk_n'dn + U0 24)

B A 0' 1
v, =T S+u—~———fb] dn 4 ;
Y {5[ ldE T 1 ke N+ Uy (25)
; ob ob ou )
U, =T [u..__.|_ru.___.q>_"_[f_'.‘_’_n C o
n‘ R A TNT F‘] ro 1T (26)
,F1=-0—; (27

- F= [0 ot
d§

dan d§ (28)
‘ a1
O, =S LA
] [ + ul ()g T :,. (29)

Equations (24) to (29) are written in vector form by means of the following
vectors introduced:

wo={u”, o, &) ; (30)
= {uf, W, ) (31)
- E={z, 9 9. (32)

The components of vector b are the right halves of equations (15) to

(17). 1In equations (27) to (29) the line above indicates averaging in terms
of fast variable n . Variables o , ¢ and ¢ are determined from the
averaged equations

ag

e =y Fi+vF + ..

(33)
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3. Adiabatic Approximation

Let us plot the ray trajectory with an accuracy of up to terms of the first
order of triviality:

K=n+0(; (34)

) 2= 2+ 0(y); (35)
o =30+ 0(); (36)

0 =7 +0(). &)

As 1is obvious from (34) to (37), in this approximation for the purpose of
determining the ray trajectory it is sufficient to solve the averaged
equations:

dn ___1 y
= e+ o0
(38)
d'ﬂ
—"F(Ex)
dx (39)

In view of the fact that we are constructing an asymptotic solution to the
ray equation with a long range of x = 0(1/v) , in the right halves of (38)
and (39) should be retained terms on the order of v . For the same reason
in the first term of the right half of (38) it is necessary to substitute
slow variables determined from an equation of the following order of accuracy:

28 _\FE) PR,

(40)

Let us note that with a known solution to equation (39) the solution to
equation (40) is easily determined by means of the usual perturbation method.
Let us transcribe system (39) as follows:

da ge Va acosq: d

= y— = Qy

ax d f ;
' Vs cos?o — g

(41)
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) | dx ' : (42)

£ (TR s (B o)

dx 2a de d= 2a ] de (43)
2: "‘—'dz
veos?s 2V cose |- ds - da
= '—-—. = —-tg?__
2q T 4 Vacos'§—a d-

In the last equations, (41) and (43), it is taken into account that in a first
approximation averaging in terms of variable n can be substituted by in-
tegration in terms of 2z by virtue of the equation

1253 cose dz
Ve cos’c —a

dy=dK + 0()= + 0O().

(44)

It is not difficult to verify that by virtue of (41) to (43) on the ray
trajectory is fulfilled the condition of constancy of the adiabatic invariant#*

I—-S‘/ dZ—SVE——E(Zlg ) dz = const.
cos?s
(45)

Condition (45), as we know [3,4] is very useful for making a direct analysis
of conditions for further propagation. Unlike the two-dimensional case,
where satisfaction of condition (45) is equivalent to solving an averaged
system, in the three-dimensional case the solution of functional equation (45)
does not eliminate the need to integrate system (41) to (43), but only lowers
its order of magnitude.

*Let us note that the adiabatic invariant remains constant only along the
ray trajectory. Therefore the derivation of equations for the "projection
of a ray" onto Earth in [7], which does not take this into account, is not
completely correct.
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Thus, plotting the trajectory in a first approximation has been reduced to
solving system (41) to (43) in the range of 0(1/v) .

Unlike original system (2) to (5), system (41) to (43) does not contain
rapldly fluctuating factors; therefore, it can be solved numerically with
considerably less expenditure of machine time. Moreover, in some cases
system (41) to (43) permits the use of analytical approximation methods.

4. Variations of Arrival Angles on Routes of Different Lengths
Let us assume, in addition to a large characteristic amount of horizontal

- inhomogeneity, a not too great amount of change in parameters of the iono-
sphere along the propagation route.

Let
e =1¢,(2) + 25 (s, 9, 2)
<. ' (46)

Then system (41) to (43) can be written as

da__, 0=
d~ . 0t 47)
da -
e B9
* (48)
dz _ _, cosi',E de, . de, .
dr 20 | 93 dt
(49)
System (47) to (49) in the range of T = vx Vv 1 can be solved by the
perturbation method. The first approximation with iritial conditions of
(0 =g, O =0&1, 7(0)=0v,&1 (50)
has the form
;=“o+)-f 03,’ drx;
J 9 g p=0 ’ .
R 0» N a=a, (51)
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;=‘Pu a :z—sl— d'!'
2a, do a3 !
(52)
_ s -
P=hthtd —2(1—5' (‘—s)%mﬂ ds.
c e enpaed
) (53)

- By means of equations (52) and (53) it is possible also to solve the problem
of the variation in arrival angles with a fixed position of the source and
observer, i.e., to solve the two-point trajectory problem:

_ ' a(%) = 3(0) = o. , -

(54)

For this purpose it is necessary by means of (53) and (54) to exclude from
(52) angle 9g *

- = Ao e
= X,) = —ds.
% = %(x) s Js S ds

(55)

Expressions (51) to (55) are outwardly similar to the corresponding equations
obtained by the usual perturbation method [8~11]. The difference is that in-
cluded in the integrands in (51) to (55) are not the derivatives themselves
of ¢ , but their average in terms of the period of oscillations of the un-
perturbed trajectory. .

Equations (51) to (55) are valid at great--on the order of 1/v--distances,
where the equations of the ordinary perturbation method are no longer valid.
On the other hand, equations (51) to (55) cease to be valid at short--on the
order of l--distances, since then T v~ v and the retained averaged terms

in (51) to (55) prove to be commensurate with the discarded periodic correc-
tions determined by equations (24) to (26). 1If of the latter the highest in
value are retained, then it is possible to obtain an equation which smoothly
converts into the ordinary equations at short distances. In particular, for
two-point problem (54) we have

x
' Ty

de . A 2 =
9r= YS_L[Z (s), vx, 0] ds — [iiﬁi
QhwcfiJ ay ° v 0l 2ux, ) 2 0s ady as,
. 0

(56)
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where 2z (x) ds the ray trajectory in a regular waveguide (v = 0). It is

not difficult to verify that at a long distance, where x = 0(1/v) , in (56)

an important contribution is made by the second term, from which it is

possible to derive (55) by integration by parts. At short distances of

x < 0(1) dominant in (56) is the first term, which (taking into account that

- v << 1) converts into the equation for the variation in azimuth obtained in
[11] by the usual perturbation method (by a straight Poincaré expansion).

From equation (56) and similar equations which can be obtained by means of
the averaging method for other parameters of the trajectory, can be concluded
this pattern for the change in properties of waveguide trajectories with
distance.* At short distances the shape of ¢ _(x.) has rapid changes (on
the order of the trajectory's period). With dfstince 1s evidenced a slow

component (the second term in (56)) of variations in arrival angles, which
becomes dominant at a great distance.

5. Example. Irregular Waveguide with a Parabolic Profile for the Dielectric
Constant

As an example of application of the averaging method, let us consider the
behavior of the trajectory of a ray with long-range propagation in a waveguide
formed in a medium whose dielectric constant varies with height parabolically,
and whose parameters are slow functions of the horizontal coordinates:

. s:gm_(Z;zﬂ_Y
) ' d

(‘m -ty (T! a)v 2p =2y (:v a)r d - d(tv °))
- (57)

In this case the application of the averaging method for the trajectory gives

2=zm+Vﬂsln2:n+v{V—T£— cos(2nn)[—‘l:—d———1:—-c—£‘1]+

+ Cz?—zl'-sm(%-iz)——-i' /——5_— od cos (67| + O(»?);
- 2Va d= 16 dalz o< )

(58)

*Let us note that equation (56) is valid both at short and long distances,
but with different absolute accuracy. The relative accuracy, nevertheless,
- remains the same--0(A) + O0(v)..
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y=y-—v Ved [2 % sin (2=7) — 1 id—‘/-— cos (41:1;)] +0(»%),

2
(59)
where
d 7} d [/} - 0
— == tgo — —_—= —_
dt ‘ + g? da’ dn  da tee d=
N Function «(t) and y(T) = o/v are found from the following system of
averaged first-approximation equations:
da=v{ﬁ_+ 1_[5”'__ ‘“-_]ad}.'_o(a),
dx o~ d costy 1 9t .
(60)
L g+ 00,
(61)
) ds cos?e {
— ==y —t +
dx g9 —2 P
1 (dd d a .
+—(— tge 2---)(ss - — )}—{-O(v-).
d \de d= cos’¢
(62)

Equation (60) can be substituted by a functional equation following from the
condition of constancy of the adiabatic invariant (45),

d[s,,— -2 | =const =c.
cos’o

(63)

Equations (60) to (63) can be solved either by means of the perturbation
method (cf. above) or strictly, when variables are separated. Here it is
necessary to note that averaged equations can permit the separation of
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variables, whereas in the initial ray equations (2) to (5) it is impossible

to separate variables. In particular, in the case of the model of the

medium discussed, (57), averaged equations (60) to (63) do not contain =z (r,0) ,
and, consequently, are solved easily when the variable in model (57) 1is

only the height of axis zm

By definition (cf. (38) where ¢
and (59) equals

1= 0 ) the value of n in equations (58)

¥ dx.
n=\"T"—— =1 -
6 2ﬂd(vx,a)1/a

(64)

As we know from [12], at a long distance of =x ~ 1/v by virtue of integration
operation (64) the 'phase," n_, is determined with less accuracy than the
- "slow" variables a , ¢ and ¢ . Thus, in this case the error in variables

o > o and ¢ determined from equations (60) to (62) will be on the order of

v2 | and the error in n determined by equation (64) equals O0O(n) . At
- short distances of x < 0(1) the accuracy of all the values determined becomes
the same, and as a result it is possible to obtain the equations of the usual
perturbation . method.

As is obvious from (58) to (62), the irregularity of a parabolic waveguide
results at a long distance in the fact that in addition to variations in the
ray of a rapid nature and low amplitude (on the order of v ) slow variations
are evidenced, the characteristic scale of variation of which is on the order
of the dimensions of inhomogeneities. - The amplitude of the latter variations
at a long distance exceeds the amplitude of "fast" variations. Taking into
account the motion of inhomogeneities in the ionosphere, from the three-
dimensional pattern obtained can be concluded a similar pattern for the varia-
tion over time in the parameters of a radio wave in an ionospheric waveguide.
Thus, in the observation of arrival angles, polarization, etc., must be ob-
scrved relatively fast fluctuations with a period on the order of the ratio

of the trajectory's period of oscillation to the velocity of the inhomogeneity,
the parameters of which (amplitude and frequency) vary slowly, but over a
considerably wide range, in time.
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THE MEASUREMENT OF THE COORDINATES OF A POINT OBJECT OBSERVED THROUGH A
TURBULENT ATMOSPHERE

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian Vol 24 No 10, 1979 pp 2027-
2034 manuscript received 12 Jul 78

{Article by A.B, Aleksandrov and V,A. Loginov]

[Text] Algorithms are synthesized for the measurement of the
range and angular coordinates of a point object, taking into
account fluctuations in the level and phase which arise during
the propagation of the radiation in a turbulent medium. A
comparative analysis is made of the quality of the synthesized
and nonoptimal algorithms, and the influence of level and
phase fluctuations in the received field on the measurement
errors is ascertained.

Introduction

One of the major obstacles which makes it difficult to use the high poten-
tial capabilities of information systems is the disruption of the coherency
of laser radiation when it propagates in the atmosphere., Distortions which
have the nature of multiplicative interference, exp[y(r, t) + is(r, t)],
appear in an electromagnetic wave which passes through a layer of a randomly
inhomogeneous medium. The function s(r, t) describes the random phase chan-

B ges due to the passage of the wave through the inhomogeneity of a medium;

- fluctuations in the level of the wave (amplitude fluctuations), which arise
with the interference of secondary waves scattered at these inhomogeneities,
are designated in terms of x(x, t).

Up till now, questions of synthesizing and analyzing algorithms for proces-
sing the data contained in a laser signal were treated without taking the
amplitude fluctuations into account, This is related to the intuitive
notion that the major factor limiting the information capacity of a signal
when it propagates in a turbulent medium is the disruption of its phase
structure, The model of a signal distorted solely by phase fluctuations

is used, for example, in papers [l, 2]. Moreover, the question of the
influence of amplitude fluctuations on the quality of the discrimination
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of information has remained unclear up to the present. This problem is
studied in this paper as applied to the problem of measuring the coordi-
nates of a point object observed through a turbulent atmosphere.

1. The Formulation of the Problem

We shall assume that the duration of the probe signal is short as compared
to the characteristic time for the change in the complex phase p(x, t) =

= x(r, t) + is(r, t) (for the atmosphere, this time is on the order of
10-3 seconds) and we shall neglect the dependence of x(r, t) and s(r, t)
on time. The field reflected from the object and observed in the time
interval 0 g t < T at the point R of the receiving aperture is represented

in the form: R+[Rer|
)

y(r,t) =V2E Re{u(t—-r) exp [ i©o (t -
(¢H)] .
oy (r) +is (r) ]} +n(r, £).
Here, E is the surface energy density of the signal; u(t) is the complex

T
- law governing its modulation ( jlu(ﬂl‘dh=1); ; wg and ¢ are the carrier
L]

frequency and the speed of light; R is a radius vector directed from the
center of the aperture to the object; R = |R| is the range to the object;
T = 2R/c is the time delay of the signal; n(r, t) s the background inter-
ference, which in the following we shall consider to be normal white noise
with a zero mean value and a correlation function of:

n(ry, L)n(rs, 1) >==Nod(r,—1:) 8(t:--12).

The parameters being measured are the range R (the time delay 1) and the
angular coordinates of the object, determined by the projections np and

ny of the vector n = R/R on to the coordinate axes, related to the receive
aperture.

2. The Synthesis of the Algorithms. The Interpretation of Optimal
Processing .

The logarithm of the probability ratio of the signal and noise mixture (1)
has the form [3]:

: 2 A
. sly(n ) 1=+ 2“’2‘

et

1 N
—3}: [Bud;d3F2B,n oA 00+ By wasniBel.
S hmrt

This expression was derived given the following assumptions:
67
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1. The receiving aperture is broken down into discrete cells, AJ 3=1, ...
+ees N) with an area & = Sp/N (S, 1s the aperture area) in such™a manner
that the continuous functions x(r) and s(r) are described quite well by

the set of their own values x4 and sy in these cells, while the difference
in the phase changes in the adjacent cells is much less than 2rv, The a
priori law governing the distribution of the quantities x1, ... , XN» S1s
«ee , SN 1s assumed to be normal:

. 1
i Pay (1) = (2) ™ det=* Kexp{ ~ - (11K~ (-1 },

where T7=0ln .oy %ny Su..o,8x), __707=§<'y_>, e X2, 0,...,0); K=|Ka| is the
correlation matrix of the levels and phases, Ka=<(Y;i~%¥u) (s=va)>,

j, k=1, ... , 2N. This hypothesis is justified in the range of small
amplitude fluctuations, where the wave propagation in an inhomogeneous

is described quite well in the approximation of the method of continuous
perturbations (MPV), and in the range of saturation of the intensity fluc-
tuations. The methods of wave propagation theory for a randomly inhomo-
geneous medium allow for the calculation of the correlation functions of

the level KXX(p), the phase Kgg(p) and the cross-correlation function sz(p),
so that we shall consider the matrices K and XK~1 to be specified,

2. The signal-to-noise ratio is considered to be rather high, so that the

a posteriori measurement precision for the values X3 and s; in each cell is
enormously better than the a priori scatter in the indicated quantities.
This assumption permits the use of the asymptotic Laplace method when
averaging the likelihood ratio with respect to the random levels of xj and
phases of 85

The following symbols are introduced in (2):

LT , _
w=x jy(r,t)u(t*'t)exp[imo(t_ R+|R—r| )] dt dr,
c

(3
a0
) 2a
a=lyl, O=—argy,  A;=Iln—"—(p,
- Y2E
a where <yx> is the mean value of the wave level, The elements of the matrix

Bik (4, k=1, ... , 2N) are specified by the expressions:

. 4 1¥ ., Y, -
Bill:KJhi - 32 K»m‘+~ E‘ Ka.nlw,
nomd

Memi

N
D= ZK,,,?,’N,,.W.

mne=i

(4)
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Maximizing expression (2) makes it possible to ascertain the optimal
operations when estimating the time delay t and the direction n to the
object. In this case, the fact that the first term in 2,

N
u=(8/No) ) of,

Juat
which is proportional to the signal/noise ratio, significantly exceeds the
second term and is practically independent of the angular coordilnates, must
be taken into account. For this reason, it is to be used when finding the
estimate of the delay T. On the other hand, the information on the angular
coordinates is basically contained in the second term of (2), and by maxi-
mizing it with respect to the unEnown values of ny and Ny, one can find the
maximum likelihood estimates of #p and Ny

In order to interpret the nature of optimal processing when measuring the
delay, we shall choose the origin for the time readous so that u(t) = 0,

t > 0, and set |R-—r|£R(1—nr/R+r‘/’_’Rz). . Then aj can be written in
the form:

o ()= | (¥ op | 2 (m-r°/2R)] drr
(5) a;"=a, (T)’— Az I J. (l‘, T)C’KP [T [

Y
- where M .

Y(r,1)= ‘.y(r, tyu(t—t)explio, (¢—1) 1dt.

(6) ° '

N
Now, the generation of zt*ﬂjilaf can be treated thusly; the received field
w1
y(r, t) is passed through a filter with a pulse response of h(t) = Re[u(-t)-
cexp(-Twgt)], and is then fed to a system of lenses, the apertures of which
coincide with the regions Ay; 1if photodetectors are installed in the focal
plane on the axes of the lenses, where the photodetectors generate the
squares of the absolute values of the field incident on them, and sum their
outputs, then the result proves to be proportional to the quantity zj3. In
this case, the output of the circuit at the current point in time Tt cor-
responds to the tuning for the range R = c1/2, i,e., timewise scanning of
the output signal with respect to the delay is realized in it. When ob-
serving in a time interval T, determined by the a priori coverage of the
_ range being measured, the position of the maximum of the output signal Tt
is the estimate of ‘the delay, while the quantity R = ¢T/2 is the estimate
of the range to the object.

We will note that an important feature of the processing being discussed

here is the partitioning of the receiving aperture into cells, the dimensions
of which do not exceed the effective size of the field coherency region;

this assures coherent storage of the energy from the entire aperture, The
engineering realization of such processing does not present any fundamental
difficulties.
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When finding the estimates #,, and #,, which maximize the second term in
(2), the fact that the information on the angular coordinates is contained
only in the phases 64 of the field being observed is to be taken into ac-
count, as well as the dependence of 64 on the parameters nx and ny being
measured, where this is described by the expression:

® .
61 - Ta(nxx:'l_nuyl) ’

where xj and y, are the coordinates of the vector ri., If the aperture is
symmetrical wigh respect to the x and y axes, while the object is located
close to the normal to the aperture, rumning through the origin of the co-
ordinates, then the explicit expressions for 7y and ﬁy are as follows:

N
B 2a(BiasnAitBiynpinby)

C ket

2
f

N ’

(M ) ’ z T;T, hBH-H.h-i-N

Jkm=1

N
c z yA(BJ,h+NAj+BJ+N,h+NOi)
;iv = __ll.lu=l
(O

N
2 YysBrenasn

Jike=t

where Aj, 8j and ay are defined by expressions (3), in which the following
is to be substituted:

1 T
(8) B=- _H. y(r, t)u(t—T)exp (ioot) dt dr.

- a0

As was noted in papers [2, 4], the estimation of the angular coordinates of
the radiation source reduces to the calculation of the smoothed average
slope of the phase front of the received field with respect to the coor-
dinate axes, chosen at the aperture. The processing of (7) is treated in
precisely the same way., The difference consists in the fact that during
the smoothing, not only the direct correlation relationships between the
_ values of the phases 64 in the different cells of the aperture are taken
into account, but also their relationships in terms of the field levels
Aj. In engineering terms, processing of the form of (7) is considerably
more difficult to realize than operations of range estimation., In any
case, the issue is one of the necessity of registering the levels and the
phases of the received field in the cells Ay, with subsequent digital pro-
cessing.

3. The Precision in the Measurement of the Time Delay in Optimal Processing,
A Comparison with Nonoptimal Algorithms,

We shall analyze the errors in the measurement of the time delay T with the
assumption that the object being observed is located close to the normal
to the aperture passing through its center.
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~
The estimate T which maximizes the function

3(x)= ZN‘ l J‘jzy(r, tyu(t—r)exp (im t)dt dr .,

Jumi

satisfies the 1ikelihood equation:
9z(7)

=3 0_
(143 Somy

_ The left side of this equation can be expanded in a series at the point T =
) = 1 (1 is the true value of the delay), and by linearizing the difference
T - 1 with respect to the noise component, one can obtain the following ex-
pression for the dispersion of the estimate:

y [sz(r)]2 \ _
(9 . <i it :>

O = \{ 0%2.(1) 1° !
AN z

[ar]/ ]

where z¢ (1) and zy(t) are the signal and noise components of z(t). The
angular brackets in (9) indicate averaging with respect to the noise and
the fluctuations of the level and phase of the signal. Omitting a number
of mathematical derivations, we shall given the final expression for Gi:

e (71) )

jom

Here, q = ESp/Ng is the signal-to-noise ratio in the aperture, while Aw? is
the square of the root mean square spectral width of the signal modulation:

‘ - 1 r 2 . 1 c . 3. 2 !
(11) A& =—2§_-|. o lll(lm)l’d(o—(Z;jmlu(zu))l dco) .

—co

The low frequency modulation spectrum of the probe signal is designated as
u(iw) in (11). The fact that 0% is proportional to the quantity 1/qAw?
does not require any special commentary: with an increase in the signal to

_ noise ratio and the spectral width of the modulation, the precision in the
measurement of the delay deteriorates. The factor y =

'{=<( wm X)E" e ) -'>

- Jmat

reflects the influence of the amplitude fluctuations of the field on this
error for the case of optimal processing. We shall estimate this quantity
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in the limiting cases of small and large apertures {as compared to the
coherency region of the received field)., In the first case, we shall
assume that for all i, Xj = X i.e,:

- 1\,
mme PR 27 P B> 3 Y " 4al
az ! <(N)f ) (em=exp(do).

St

N -

For a large aperture, the quantity  (1/N) Ze”" differs little from
N Jomt

its mean value, (1/N) Z(e”">=1, , so that in this case y = 1, The
je=1

reduction in the factor y with an increase in the dimensions of the aperture

is related to its averaging effect, The limits for the variation in Y are

determined by the quantity exp(4oy) and can be quite considerable (in the

saturafion region of the intensity fluctuatioms, o§ = 0,7, so that

exp(éox) = 16,

It is interesting to calculate that potential gain in the delay measurement
accuracy which optimum processing yields as compared to algorithms in which
the processing of the amplitude fluctuations is absent. One of these al-
gorithms, which is used in practice, effects the storage from the entire
aperture §; this processing is optimal if the signal is regular, while its
initial phase is randomly and uniformly distributed in the range of (-m, m),
With this method, the estimate T maximizes the quantity:

Li(t)= [ [fue, t)u(t—r)exp(imot)dtdrT'.

- As yet another method, we shall consider an algorithm which maximizes the
following expression with respect to T:

. L.(7t)= 2] %j}y(r, tyu(t—)exp (iwot)dt dr I
Jm=1 a0

As follows from [2], this algorithm is optimal when only the phase fluctua~-
tions of the signal are taken into account,

By considering the signal-to-noise ratio to be high, and linearizing Ll(t)
and Lp(t) with respect to the noise components, one can derive the following
formulas for the errors of the algorithms considered here:

Sexply (r)+is(r) 1dr
_ . .
(13) 0. =1,/gAw —'[;A_mz< l‘ 5.
1 1Ty o\t
“z____ z/ Aw® = <(— ') N
(14) MEEE N;el >
- 72

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

The dependence of 0%1 and 0%2 on the signal to-noise ratio q and the spectral

width of the modulation is precisely the same as in (10). The influence of
the amplitude fluctuations on the error is described by the coefficients Y1
and yvp. It is not difficult to see that in the case of a small aperture,
the quantities vy, y; and y2 agree. This is not surprising, since each of
the three algorithms considered in this case accomplish coherent spatial
processing of the field. More interesting is the relationship of the quan-
i} tities vy, yl and yp with large aperture dimensions, since specifically in
this region does the optimality or nonoptimality of the processing have an
effect. In this case, y = 1, while the quantities Y1 and y2, which charac-
terize the corresponding gain in precision, are represented in the form:

(15) 1= (S—iz j' f T (r,—r.)dr, dr, ) -‘| 1. = exp(a,’),

Qe

- where Ty(r) - r2) is a second order coherency function of a spherical wave
distorted in a turbulent atmosphere. It can be seen from (15) that the
quantity yj is of the order Sp/Sk, where Sy is the size of the field co-

herency region, while the maximum value of Yo is approximately 2 (when o% =
= 0.7).

The estimates cited here provide a qualitative notion of the precision
characteristics of the each of the algorithms considered.

4. The Precision in the Measurement of Angular Coordinates for the
_ Case of Optimal Processing. A Comparison with a Nonoptimal Algorithm,

The dispersion of the error in the measurement of angular coordinates can be
calculated using expression (7) for the estimates, By linearizing the right
sides of (7) with respect to the random component, it is easy to show that
the error consists of two components: a noise and a fluctuation component.
The first is determined by the presence of additive noise in the field being
processed; its dispersion is inversely proportional to the signal-to-noise
ratio q. When q >> 1, the second component is more important, which is due
to the spatial fluctuations of the level and phase of the signal. Limiting
ourselves to the treatment of only this component, the following expression
can be derived for its dispersion:

G LI ¢t
(16) b = weD,
where "
ket

while the elements of the B matrix are determined by formulas (4), It fol-
lows from (17) that the value of Gén [c%1 ] depends substantially on the
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ratlo of the dimensions of the aperture and the characteristic scales
which describe the spatial fluctuations of the phase and level. This
function can be clearly illustrated in the limiting cases of small and
large apertures.

In the first case, it is sufficient for the estimate to limit ourselves to
the quadratic of the correlation functions Kyy(p), Kgs(p) and Kyg(p) and
to derive the following expression:

2
(18) 0;_1=£(5“_&)
@o* ﬁx:
where

BZB;,I

19 %Ky, I

K, l
p=0 '

The quantity which determines the relative contribution of the amplitude
fluctuations to the dispersion o%l is vy = BX /YBXXBSS . This parameter

coincides with the cross correlation factor for the level and phase of a
plane wave, determined in [5]. It follows from the estimates given in this
paper that the quantity y2 does not exceed a few percent, so that in (18),
2 _ ; 2 . .
one can assume Of], = (c /mo)BSS. The result obtained is extremely charac-
teristic: with a decrease in the aperture, the fluctuation error ceases to
depend on its size, and is determined by the parameter Bgg. The physical
explanation of this fact is obvious: with small apertures, the portion of
the wave phase front being processed can be considered planar, and for this
reason, the precision in the angular position of the source is determined
only by the fluctuations in the angle of incidence of the wave, the dis-
persion of which is proportional to Bgg.

The other limiting case occurs if the area of the aperture significantly
exceeds the dimensions of the coherency regions of the fluctuations of the
level and phase. 1In this case, a changeover must be made from discrete
quantities to continuous ones in expressions (4) and (17), and when solving
the resulting integral equations, one must make use of the Fourier trans-
form of the correlation functions K,y, Kyg and Kgg. The final expression

2 XX Xs SS
for e has the form:

2 3e? Fz
) Opn = (p, _Ens
(20) T Gooh? (F“ 7 )

xx
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where:
Froa=0x (%4, %a) lu.-x,-o;

(21) Fra=0xs (%4, %2) | xymramo;

F..=‘D..(un 'KI) lm-ﬂ‘i-ﬂ'

Py ¢Xsand ¢ss take the form of two-dimensional spatial spectra of the
corresponding correlation functions; 2h is the linear dimension of the
aperture.,

It follows from formulas (18) and (21) that the presence of amplitude
fluctuations and their correct processing leads to a reduction in the fluc-
tuation component of the measurement error for the angular coordinates (we
will note that the first terms in (18) and (21) correspond to the error in
the measurement of the angular coordinates using only phase processing.

The explanation of this unexpected results is that in a turbulent atmos-
phere, the amplitude and phase fluctuations prove to be markedly correlated,
and for this reason, the processing of the signal levels allows for the ex-
traction of additional information on the angular coordinates, As has
already been noted, for the case of a small aperture, this reduction is
also small (a few percent), and in the case of a 1arge aperture, the re—
sulting in the error is determined by the guantity p =1 - F s(F X

The expressions for the spectra ¢XX’ and ®gg, computed in [5} for the
case of a plane wave propagating in a %urbulent atmosphere, yield a value
of u = 0.25. This figure eloquently speaks of the necessity of taking into
account the amplitude fluctuations when synthesizing algorithms for the
measurement of the angular coordinates,

In conclusion, the authors would like to express their deep gratitude to
P.A. Bakut for his useful discussions and attention to the work,
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UDC 621.385.6
MICROWAVE AMPLIFIERS WITH CROSSED FIELDS

Moscow SVERKHVYSOKOCHASTOTNYYE USILITELI SO SKRESHCHENNYMI POLYAMI in
Russian 1978, signed to press 27 Dec 77 p 2, 278-280

[Annotation and table of contents from book by Mikhail Borisovich Tseytlin,
Mikhail Aleksandrovich Fursayev and Oleg Vladimirovich Betskin, Sovetskoye
radio, 550 copies, 280 pages]

[Text] This book describes methods for calculating and analyzing micro-
wave amplifiers with crossed fields (type M). Beam amplifiers are con-

- sidered (with an electron-optical system removed from the interaction

. - space). Besides a general theory of interaction between the electron flow
and the retarded electromagnetic wave in the large signal mode, consider-
able attention is given to investigating new arrangements and various
operating modes of beam devices. In the section dedicated to the amplitron,
an analysis is given of basic electrical characteristics, as well as a
calculation of the output parameters of the amplifier.

The book 1s intended for engineers and scientific staff workers in the area
of microwave electronics and radiophysics, as well as for instructors and
students in higher educational schools. It may also be used as a textbook
for course and diploma theses.

Pictures 157; tables 8; bibliography 175 titles.
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BOOK ON EXPERIMENTAL RADIOOPTICS
Moscow EKSPERIMENTAL'NAYA RADIOOPTIKA in Russian 1979 pp 1, 254-256

[Annotation and table of contents from book by N. M. Borovitskaya, et al,
Nauka, total copies unknown, 256 pages]

[Text] Methods of coherent and incoherent optics, radiovision and
acoustics are discussed within the framework of a single radiooptical
approach, and corresponding installations and devices are described. The
part on coherent optics includes: investigation of the laser radiation
spectrum, holography, picture multiplexing, optical methods for processing
data, the study of statistical characteristics (noises) of data carriers,
as well as the investigation of the intensity blips of laser radiation
propagating in the atmosphere. Incoherent and partially coherent light
are used to solve problems of spatial filtration and the correlation
- analysis of pictures, and for making integral Fourier and Fresnel trans-
formations. Descriptions of most installations are provided with circuits,
practical recommendations etc. which are sufficient for use in laboratory
courses.

Table 1; illustrations 117; bibliography 95 titles.
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Foreward by the editors 6
Chapter 1. Study of gas laser radiation characteristics by a
traveling wave resonator-interferometer
(Yu. I. Zaytsev, V. G. Gavrilenko) 11

Optical resonator as a laser oscillating system (12).
Frequency spectrum of laser radiation (17). 1.3. Spectral
analysis of laser radiation by a traveling wave

- resonator-interferometer (18). 1.4. Experimental
installation (12).
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Chapter 2. Nonaberrational holographic pictures
- (I. Ya. Brusin), 33
2.1. Basic laws (33). 2.2 Holographic installation (38). 2.3.
Method for plotting holograms (41). 2.4, Observation of an imaginary
- plcture (46). 2.5. Observation of an actual picture (47). 2.6,
Hologram defects (48).

Chapter 3. Holographic multiplexing of pictures
(V. N, Slavinskaya) ' 51
3.1, Multiplexing principle {51). 3.2. Selecting the mode of
hologram recording and diffraction efficiency (57). 3.3. Distortions
of multiplexed picture (58). 3.4. Experimental method of holographic
multiplexing (63).

Chapter 4. Optical analyzer of spatial spectra (V. A. Zvereva,
Ye. Yu. Zul'karmayeva, F. A. Markus). 66
4.1, The function of the device and its block diagram (66). 4.2,
Obtaining signal spectra in the optical system (69). 4.3. Resolvin
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4.5, Description of the installation (75).

- Chapter 5. Visualizatlion of periodic amplitude and phase
- structures in the Fresnel diffraction area
(N. M. Borovitskaya, Ye. Yu. Zul'karnayeva,
T. P. Kosoburd, F. A. Markus, T. I. Soboleva,
N. V. sushko) 83
5.1, Method for reproducing periodic signal without lenses (84).
Method for reproducing sinusoidal phase signals without lenses (89).
5.3. Investigation of light field intensity distribution (91).
5.4, Determination of modulation percentage in accordance with the
intensity distribution in the visualization plant (94). 5.5. Experimen-
tal installation (97).

Chapter 6. Measurement of frequency characteristic of the spatial
filtration system (S. I. Zaytsev, A. I. Khil'ko) 99
6.1. Contrast-frequency characteristic of the optical system under
conditions of partially-coherent illumination (99). 6.2. Experimental
installation.

Chapter 7. Light modulator noises in coherent optical systems
(F. A, Markus) 108
. 7.1. Light modulator noises (109). 7.2, Experimental
investigation of nonuniformities of a llght wave that passed
through the modulator (111). 7.3. Effect of noises on the
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Chapter 9. Integral Fourier and Fresnel transformations in
- incoherent 1ight (A. V. Shisharin) 145

9.1. Special features of integral Fourler and Fresnel
transformations in incoherent light (146), 9.2. Experimental

- investigation of basic parameters of incoherent Fourler and
Fresnel analyzers (151). 9.3. Resolving power and dynamic
range of incoherent analyzers (158).

Chapter 10. Synthesis of optical filters (A. V. Shisharin)
10.1. Analog methods for the synthesis of Fourier and Fresnel
filters (166). 10.2. BExperimental installations (178).

Chapter 11, Investigation of antennas with synthesized
aperture (V. G, Zakin, A. V. Shisharin) 184
11.1 Coherent pulse locator of the side field of view with
the synthesized aperture (185). 11.2. Optical processing
of RSA [expansion unknown] of the side field of view (192).
11.3. Experimental installation (200).

Chapter 12, Two-dimensional optical correlation meter
(E. I. Gel'fer, Yu. M. Sorokin) 203
12.1. Arrangement of installation (204), 12.2 Diffraction
theory of two-dimensional correlation meter (205). 12.3.
Discussion of diffraction theory results. Selection of
installation parameters (209). 12.4. The use of the
method (211). 12.5, Properties of the correlation
function (213).
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Cheremukhin). 216
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General Circuit Theory and Information

PHASE~LOCKED LOOPS WITH SAMPLING COMPONENTS

- Moscow SISTEMY FAZOVOY AVTOPODSTROYKI CHASTOTY S ELEMENTAMI DISKRETIZATSII
(Phase-Locked Loops with Sampling Components) in Russian 1979 signed to
press 15 Jan 79 pp 2, 224

[Annotation and table of contents from book by Vagen Vaganovich Shakhgil'-
dyan, Aleksandr Alekseyevich Lyakhovkin, Vladimir Leonidovich Karyakin,
Vladimir Anatol'yovich Petrov and Valentina Nikolayevna Fedoseyeva, edited
by V. V. Shakhgil'dyan, Svyaz', 4300 copies, 224 pages]

[Text] This book studies phase-locked loops (FAPCh) containing components
for sampling its coordinates of state (with respect to time, level).

The authors introduced a classification of systems containing sampling com-
ponents. They discussed methods of the analysis and computation of radio-
pulse, pulsed, digital, and continuous sampling FAPCh systems. They
analyzed the stability, dynamics, and noise immunity of these systems and
gave recommendations on designing and calculation of such systems.

h The book is intended for scientists engaged in the development and use of
synchronization devices.
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General Production Technology

UDC 389.14:1006.354,065

MIETROLOG [CAL CONTROL SYSTEM FOR PRODUCTION

Moscow IZMERITEL'NAYA TEKHNIKA in Russian, No 10, 1979 pp 7-8
[Article by L. A. Pronin]

- [Text] Raising the quality of products manufactured by the tool
plants of the Minstankoprom [Ministry of Machine Tool and Tool Building
Industry] 1s a complex amdresponsible problem impossible to solve without
metrological control (MO) of production.

To the "Kalibr" Plant that produces a broad range of measuring devices (SI)
for linear dimensions and angles, with a great variety of controlled param-
eters, metrological control problems are especially important. MO provides
for the following:

analyzes the condition of measurements at the enterprise and, on the basis
of the analysis of the data, develop measures for improving the MO;

develops and Introduces modern measuring methods; establishes efficient
nomenclature for the SI used;

introduces government and industrial standards, develops enterprise stand-
ards that regulate precision norms, introduces methods for making the meas-
urements, checks and tests;

obtains expert metrological opinion on the technical-norm, design and
technological documentation;

checks and obtains metrologlcal certification of the SI used at the plant.

Moreover, the plant deals with MD problems related to coordinating govern-
ment standards for the SI series produced by the plant which complicates
iigh precision measurements; participating in metrologlcal tests of special
deslgn devices and automatic monitoring facilities, assimilated in accord-
ance with the plans for new equipment; the study of the operating properties
- of the SI, produced by domestic industry: develop local checklng arrange-
- ments that establish the order of transfexring the dimensions of.units of
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longlh and angles from Gosstandart standards and master SI to working SI
used at the plant, as well as for the entire 1list of SI products made by
the plant.

The Central Metrological Service (Department of chisf Metrologist) at the
plant was organized according to the "Regulation on Metrological Service

of the Minstankoprom" and typlcal regulations of the Gosstandart on depart-
mental metrological services. The creation of a centralized metrological
service made it possible to implement a single policy in the area of metrol-
ogy, create and introduce a metrological production control system and con-
ditions where the head of the metrological service is responsible for all
kinds of measurements, the right SI selection, metrological supervision

over the measuring equipment and the introduction of new SI.

At the "Kalibr" Plant, as in many other enterprises of the Minstankoprom,

the Department of the Chief Metrologist (OGM) was organized on the basis of
a central measurements laboratory and the KIP[Monitoring measuring devices?
service. )

The specialization of the OGM subdivisions (see arrangement) by individual
sections of the MO of production provided a single approach to the problems

- of the metrological preparation for production,and the fullest and most
efficient utilization of metrologists-specialists.

The OGM puts special importance on the expert metrological analysis of de-
sign and technological documentation which permits solving beforehand the
problems related to the MO development and product manufacturing, i.e., to
determine the possibility of the accuracy of the monitoring norms called
for in the documentation, evaluate the authenticity of the established
methods, determine the necessity for developing facilities and methods for
measurements, as well as providing the necessary conditions for production
and testing.

One of the most important aspects of MO for production is developing and
- introducing nonstandardized SI and monitoring-measuring fixtures. In our
opinion, the greatest effect in solving these problmes may be achieved when
OGM designers become involved in developing the indicated SI. In this case,
proper planning and the timely design of the SI; the measurement arrangements
- of units and parts of monitoring-measuring fixtures should be standardized.

The large product list of parts and units with similar measured parameters
should be taken into account.

The efficlency of this approach is confirmed by the experience of several

other Minstankoprom enterprises, especlally the Kaunass Plant imeni
Dzerzhinskiy [1]
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At present a design bureau was organized at the OGM of the plant. In
addition to developing nonstandard SI and monitoring-measuring fixtures, it
is involved in problems of introducing in production active and automatic
monitoring, and developing technical tasks on designing special complex SI.

Since 1977, certification was introduced in the Minstankoprom system to im-
prove the MD [2]. The certificate, which is the basic document that char-
acterizes the state of the MO at the enterprise on 1 January of each year,
includes information on the structural subdivisions of the metrologlical
service and data on cadres, rooms, master and working SI etc.

The introduction of MO certificates, besldes obtaining authentic and opera-
tional information on the state of the MO in the industry, permits the
metrological service of the enterprise to evaluate the development of the MO
and the results of the work of the metrological service and to detect short-
comings.

The MO system is a component part of the KS UKP [ expansion unknown] intro-
duced at the plant. At present, a number of STP [ expansion unknown] operate
at the plant. They regulate the order of the MO of production, in partic-
ular, the metrological supervision of the SI; plant monitoring tests; expert
metrological analysis of design and technological documentation; development
and manufacturing monitoring-measuring fixtures; methods and facilities for
checking the SI produced by the plant etc.

Solving MO problems of production of precision measuring equipment is im-
possible without highly skilled metrologists. The enterprise has a contin-
uous system for preparing metrologists-speclalists and raising their skills.,
All OGM inspectors and metrology technicians are trained in courses to in-
crease thelr qualifications according to two programs. The first includes:
a general course on the principles of the interchangeatility theory, metrol-
ogy and the technique of linear measurements; the second -- a course on the
organization and methods of checking certain kinds of the SI.

- Study in these courses is stimulated by an order established at the plant,
according to which the class of inspector is raised depending upon the re-
sults of the training. BEngineers-metrologists raise their skills by study-
ing at the institutes of the Minstankoprom or Gosstandart for ralsing these
skills.

The metrological service of the "Kalibr"Plant is developing sclentific-
technological cooperation with leading metrological organizations in the
country.

At present, metrological and technical services and the entire "Kalibxr"
Plant collective are faced with critical problems related to raising the
technical standards and quality of output. These problems can be solved by
metrologlcal control in developing new products, expert metrological analysis
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of design and technologlcal documentation at all stages of production,
the assimilation of the latest measurement techniques and measurement
methods and the improvement of metrological supervision of the SI stc.

1. IZMERIPEL'NAYA TEKHNIKA, No 5, 1977 pp 7-21.
2. Markov, N. N.; Zinin, B, S., IZMERITEL'NAYA TEKHNIKA, No 8, 1977.

COPYRIGHT: IZDATEL'STVO STANDARTOV, 1979
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Instruments, Measuring Devices and Testors;
Methods of Measuring

UDC 535.214.4
PLANE RADIOMETERS MADE WITH SEMICONDUCTOR DEVICES

Moscow RADIOTEKHNIKA in Russian No 9 1979, signed to press 23 Jan 79
pp 42-45

[Article by A. G. Semin, Yu. B. Khapin, A. N. Sharapov]

[Text] 1In radiometric investigations from planes of the atmosphere and
underlying surfaces, multifrequercy measuring methods are the most
preferable. They make it possible to increase the measurement accuracy
of geophysical parameters and approach the measurement of atmosphere and
surface parameters as a single problem of remote sounding.

In creating radiometric complexes that span a broad range of frequencies,
including the shortwave part of the millimeter range, difficulties arise
that are related to the implementation of simple and reliable systems with
high sensitivity and stability. One promising way to overcome these diffi-
culties is the use of semiconductors. At present, semiconductor radiometers
can be made for the entire millimeter range of wavelengths.

The IK1 [Institute of Space Research] of the USSR AN developed a complex of
semiconductor radiometric receivers of the superheterodyne type with

mixers at the input for experimental investigations of the atmosphere and
underlying surfaces. The radiometers operate at frequencies of 89 gigalz
(Aa = 0.34 cm), 37 gigaHz (A = 0.8 cm) and 20 gigaHz (A = 1.5 cm). The
radiometers showed high operational characteristics during the cperation

of the complex under various seasonal and climatic conditions. A brief
description of the radiometers and their individual units is given below.

Radio meter for an 0.34 cm wavelength. The special features of a radio-
meter: transfer output modulation to an intermediate frequency (PCh) and
use a mixer operating on the second harmonic of the heterohynes* [3]. The
noted features made it possible to reduce losses considerably in the input
channel due to the breakdown of the SVCh [Microwave frequency] modulator

;T—jﬁfliterature, they are sometimes called mixers with subharmonic
pumping.
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and the decoupling devices, as well as to use a semlconductor heterodyne
with an avalanche-transit diode, operating at 40 gigaHz. The block diagram
of the radiometer is shown in Fig. 1, where the following designations are

- used: S -~ mixer; M -- modulator; G -- heterodyne; A -- Attenuator:
ST -- system for stabilizing the mixer current; GSh -~ noise oscillator;
PU and UTD -- parametric and tunnel amplifiers; D -- detector and pre-

liminary UNCh [Ultralow frequency]; F -- Faraday switch of polarization
plane; NF -- directional filter; V -- rectifier; K -- signal switches;
R -- recorder; BP -- power supply units.

Fig, 1
1. Ln [line] 9. GSh
2. S 10. L
3. UTD 11. M
4., D 12, PU
5. UNCh 13. GON
6. SD 14, BP
- 7. UPT 15. A
8. F 16. ¢

The basic sources of the instability of the radiometer with PCh modula-
tion are: the mixer, the transmission coefficient and the external
noise temperature which depends on the heterodyne input power. The
problem of obtaining a highly stable receiver with PCh modulation may
be solved by two methods: by designing a mixer insensitive to changes
in heterodyne power or by the rigid stabilization of the heterodyne
power. In [3 » @ calculation is given of the allowable instability
of the heterodyne power, which should not exceed 0.025% at a sensitivity
of the PCh channel of 0,05K at the modulator input. In the experimental
modulator, described there, a heterodyne power stabilization system

that would maintain the mixer input power with the required aacuracy

was used,
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A more cllicient method for eliminating the effect of the instability
of the heterodwine power on the mixer operation is the use of a system

to stabilize the operating currents of the mixer. The system operates
in the following manner. The initial shift of the operating point of

- the mixer diode is provided by the stable voltage source. A reference
resistor is placed in the DC circuit of the diode; voltage changes
across the resistor, related to the heterodyne power changes, control

an amplifier in whose input circuit is placed an attenuator for regulat-
ing the transmission coefficient of the heterodyne channel. The
instability of the mixer operating currents in this device was < 0.01%
for a heterodyne voltage changes of f 25%.

Fig. 2
1. Ln (line) 11. Cby
2. F 12, UPTl
3. A 13. Ry
4y M 14, A
- 5. V 15. GSh
6. NF 16. ST
- 7. S 17. v
8. UPCh 18. G
9. D 19. GON
10. uNChy 20. BP

A signal is sent to the diode in the mixer over a 2.4 x 1,2mm2 waveguide
which is reduced to a third in the connection plane of the digde. The
heterodyne voltage is brought to the mixer over a 5.2 x 2.6mm waveguide,
Transformed PCh _signal passes through a low frequency filter (FNCh)

into a 23 x 2mm?2 waveguide and then to an intermediate frequency channel.
A Schottky barrier diode (DBSh) with parameters: series resistance

94

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

R_ = 10 ohms and barrier capacitance C_ = 0,022 picofarads, were
ufed in the mixer. The mixer operates in a single-band mode.

The first UPCh stage is a degenerated parametric amplifier in the 3-cm
range with a noise temperature of 150K and a 13db amplification
cocfficient. The following three UPCh stages are tunnel diode amplifiers,
The total UPCh amplification coefficient is equal to 52db with a non-
uniformity of about 15db in the amplitude-frequency characteristic
(AChKh),

Radiometer for 0.8cm wavelength. This radiometer receives radiation
from one of two orthogonal polarities as well as simultaneously from
both polarities. As may be seen from the block diagram (Fig. 2, where
the designations are the same as in Fig. 1), the receiver has only

one receiving antenna that receives radiation in two orthogonal planes
and one SVCh channel, The switching of the antenna for receiving

one of the polarities is done by a switch operating on the Faraday
effect basis.

When the polarities are received simultaneously in two planes, a three-
frequency signal selection method of different polarities is used. A
frequency of f. = £ wvoltage is sent to the synchronism detector of

the first chan%el £Pom a reference voltage oscillator, and frequency

£y = £,/2 voltage is sent to the second synchronism detector. The
Faraday switch switches the antenna from one polarity to the other with
a frequency of f. = fo/32. A frequency f; modulating voltage is applied
to the modulator during the first half period T, = 1/£4 and an £,
frequency voltage is applied during the second Ralf period T5. The
signal selection of various polarities is done by synchronism detectors
and signal switches that switch corresponding inputs of the low
frequency channels at a frequency of £,. Frequencies f;, f,, f, are
rigidly synchronized. Decoupling between various polarity channels 1is
about 25db and is determined basically by the decoupling properties of
the Faraday switch. The use of signal switches is not compulsory.
Switching period T3 of the antenna is selected so that during time T3/2
the spot of the radiation pattern is shifted by not more than 2% when
the plane is at a height of about 300m.

The transformation of the signal frequency into the intermediate
frequency is done by a single diode mixer with an encased diode (DBSh).
The waveguide height (cross section 7.2 x 3.4mm) was reduced to 1/6-th
in order to match the impedances at the mixer input. The signal and

the intermediate frequencies are separated by a band FNCh. To stabilize
the operating mode of the mixer, a stabilizing system of mixer operating
currents is used which is similar to the 0.3-centimeter channel,
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A Hanna diode oscillator is used as' a heterodyne. Noise suppression
of the heterodyne is done by single-resonance directed filter with the
following parameters: central frequency of the filter -- 37.1 gigaHz;
-passband at 3db -- 100 megaHz; transit attenuation -=- about 2.6db;
directivity -- about 7eb; losses in the direct channel outside the
band < 0.1db.

The use of a high Q-factor directional filter made it possible to
utilize a comparatively low frequency transistor amplifier for the
interniediate frequency with the following characteristics: operating
range -- 300 to 1000 megaHz; amplification coefficient about 55db;
nonuniformity of the amplitude-frequency characteristic -- 1.5db;
integral noise coefficient -- about 3.9db.

= It should be noted that with simultaneous reception on the two polarities,
- the radiometer sensitivity is halved.

Radiometer for 1.5cm wavelength. The radiometer is made with a circuit

- similar to Fig. 2. It was designed for receiving the radiation of only
one polarity. It has no Faraday switch and no second low frequency
channel.

The radiometer uses a two-diode mixer with opposite connection of the
diodes, similar to the one described in [4] . The special feature
- of this mixer is the separation of odd (nwrtwy n=1,'3, 5 ..) and even
(n=0, 2, 4, ...) combination frequencies into orthogonal modes,
with the odd having a waveguide type of oscillations and the even --
coaxial. Thus, decoupling is provided between the signal and the
intermediate frequencies. Encased barrier Schottky diodes are used
in the mixer. A Hanna oscillator is used as a heterodyne, frequency
stabilized by a high Q-quality resonator. Heterodyne noise suppression
is done by means of a directional filter with the following parameters:
central frequency of the filter -- 20.1 gigaHz; passband at 3db level ~--
50 megaHz; transit attenuation -- about 2.4db; direc*ivity -- about
7db.

1 e

The intermediate frequency amplifier has the following characteristics:
operating irequency range -- 250 to 260 megaHz; amplification coefficient
-- about 55db; AChKh nonuniformity -- 1,5db; integral noise coeffient

-~ about 3,6db. 1In all other respects,. the radiometer is similar to

the 0.8cm receiver.

Attenuators made with p-i~-n diodes are used as attenuators and modulators
in the radiometers. Semiconductor noise oscillators using avalanche
diodes are used for introducing noise when operating in the quasi-zero
mode and calibrating the amplification coefficient. Power sources for
important units of the radiometers have instability coefficients not
worse than 1074,
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Structurally, the radiometers are placed in thermally controlled
housings on a rotary platform in a plane hatch., The platform makes
it possible to measure rising radiation at angles of 0 to 45 degrees
from the nadir. The radiometers have horn antennas with the width of
the radiation pattern of 6° for a 3db level.

The basic characteristics of the radiometers and their units are shown
in the Table where the designations are: losses in the antenna-~feeder

channel -- 1, ; mixer transformation losses -~ Lcm (for single-band
reception for'~ A = 0.34cm and for two-band reception for A =0.,8
and 1,5cm); noise coefficient -- Fgy, and UPCh bandpass A f; noise

temperature Tgh. Radiometer semsitivities A T are measured aboard
) the plane by the difference of measured radio brightness temperatures

at a time constant of one second of the integrating circuit and are

reduced to the antenna input. The instability of the amplification

coefficient & K/K was measured for 5 hours of operation after an
hour of heating.

aTghk A=0.34 cor
J

|y~

-
ATghk A =450
!
7
_/
Fig. 3
Table
: 69) 26 T
o fa.q. 2B [ Loy, 2B | FuoaB | A, MPy T K ’ ATp, K| oKk, 87
0,34 0,5 7 4 700
s 5900
(]),g },5 2,7 3,9 700 2?80 8'?5 g
) 0 2)5 3.6 400 2100 0,15 2
R 1. 4, megaHz
2. gff 5. T
3 sh
. sh
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Flp. 3 shows an example of synchronous recording of a petroleum film
on the Caspian Sea at the three wavelengths made on 24 May 1978.

In conclusion, the authors express their deep gratitude to V. S. Etkin
- for his constant interest and help.
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HIGH-FREQUENCY METHOD FOR MEASURING NONELECTRICAL QUANTITIES

Moscow VYSOKOCHASTOTNYY METOD IZMERENIYA NEELEKTRICHESKIKH VELICHIN (High-
Frequency Method for Measuring Nonelectrical Quantities) in Russian 1978
signed to press 20 Sep 78 pp 2, 277-280

[Annotation and table of contents from book by Vladimir Andreyevich
. Viktorov, Boris Vasil'yevich Lunkin and Aleksandr Sergeyevich Sovlukov,
Nauka, 2600 copies, 280 pages]

{Text] This monograph generalizes the results of studies and development

of measuring devices for nonelectric quantities (level, amount, position

of interfaces, continuity, small distances, flow rate, etc) using the

properties of electromagnetic systems of distributed parameters (long lines,

- waveguides, resonators, etc). The authors discuss the fundamentals of the
theory and the principtes of the construction and use of measuring devices
for general industrial and individual purposes.

Contents
“1 Page
Foreward 3
Introduction 5
Chapter 1. Physical Principles of the High-Frequency
Method of Measuring 10
1. Electromagnetic Systems with Distributed Parameters 10
2. Interaction of the Electromagnetic Field with the
Controlled Object 29
_ Chapter II. Informational Potentialities of the High-Frequency
Method of Measuring 33
1. 1Integral Characteristics of Electromagnetic Systems
- with Distributed Parameters 33
2. Resonance Frequency of Electromagnetic Oscillations 34
2-1. General Relations 34
2-2. Method for Calculating Frequency Character-
istics of Segments of Long Lines and Waveguides 40
2~3. 1Influence of Controlled Objects on Resonance
Frequencies of Segments of Long Lines 42
- 2-4. Approximate Relations for the Fundamental
Resonance Frequency of Segments of Long Lines 50
2-5. Influence of Controlled Objects on the Resonance
Frequencies of Cavity Resonators 59
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3. Number of Resonance Pulses in the Final Frequency
Interval
4, Some Other Integral Characteristics
4-1, Propagation Time of an Electromagnetic Signal
and Its Functions
4-2. Number of Maximums or Minimums of the Field
Density of a Standing Wave Passing Through a
Fixed Point in the Wave Field in a Definite
Frequency Interval
4-3. Frequency Shift of a Frequency-Modulated Incident
Wave in Relation to a Reflected Wave
-4, Phase Shift of an Incident and a Reflected Wave
-5. Doppler Frequency Shift
-6. Power of a Wave that Passed Through a Controlled
Medium
Chapter III. Principles of Constructing and Areas of Application of
High-Frequency Measuring Devices for Nonelectric
Quantities
1. Survey of Some Problems of Measuring Nonelectric
Quantities
2. Principles of the Construction and Potentialities of
High-Frequency Measuring Devices for Nonelectric
Quantities
3. Block Diagrams of High-Frequency Meters
3-1. Block Diagrams of Single-Channel Meters with
Conversion of Resonance Frequency
3-2. Block Diagrams of Multichannel Meters with
Conversion of Resonance Frequencies
3-3. Block Diagram of a Meter with Conversion of the
Number of Types of Oscillations in a Fixed
Frequency Interval
= 3-4, Block Diagrams of Meters with Conversion of the
Propagation Time of the Electromagnetic Signal
3-5. Block Diagram of a Meter with Conversion of the
Doppler Frequency Shift
3-6. Block Diagrams of Meters with Conversion of the
Amplitude or the Power of the Reflected Wave or
the Wave that Passed Through the Object
3-7. Block Diagrams of Meters with Conversions of the
Phase Shift of the Incident and the Reflected Waves
3-8. Block Diagrams of Meters with Conversions of the
Frequency Shift of the Frequency-Modulated Incident
and Reflected Waves
3-9, Block Diagram of a Meter with a "Traveling Wave'-
Type Sensor
- 4, Advantages of Meters with Sensors in the Form of Electro-
- magnetic Systems with Distributed Parameters
Chapter IV. Theory and Principles of Constructing High-Frequency
Level Gauges
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Areas of Application of High-Frequency Devices of Measur-
ing and Signaling the Level Using Segments of Long Lines
as Sensors
Sensors on Segments of Long Lines for Continuous Measure-
ment of the Level
2-1. Resonance Level Sensors for Electricity-Conducting
Media
2. Resonance Level Sensors for Dielectric Media
-3. Resonance Sensors with a Dielectric Covering
of the Conductors of Line Segments
2-4, High~Frequency Pulsed Level Sensors
Structures and Algorithms of Invariant Resonance Level
Gauges
Radio-Interference Level Meters
Principles of Constructing Microwave Level Meters
Sensors for Discrete Level Measruements
6-1. Resonance Sensors for Multipositional Signaling
6-2. "Traveling Wave'"-Type Sensor
High-Frequency Level Meters and Level Signaling Devices
for General Industrial and Individual Purposes
7-1. An Aggregate Complex of Standardized High-Frequency
Meters and Signaling Devices of the Levels of
Liquid and Dry Media Consisting of Blocks and
Modules
7-2. High Frequency Level Meters for Individual Uses
V. Theory and Principles of Constructing High-Frequency
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Physical Principles of the Operation of High-Frequency
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with a Plane Interface in the Case of an Arbitrary
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3-1., Sensors in the Form of Connected Segments of
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3-2. System of Two Metallic Surfaces Inserted into
One Another

. Resonance Sensors of the Quantity of a Medium Arbitrarily

Distributed in a Container
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Methods for Compensating Method Errors of Resonance
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High-Frequency Quantity Meters

VI. Theory and Principles of Constructing Devices for
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3-2. Simplest Types of Long Lines as Sensors of Small
Distances
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Microelectronics [including microcircuits; integrated circuits]

UDC 62-503

ASSURANCE OF LINEARITY OF CONVERSION IN DEVELOPING LARGE~SCALE HYBRID
INTEGRATED CIRCUITS OF A PRECISION ANALOG-DIGITAL CONVERTER

Moscow RADIOTEKHNIKA in Russian No 9, 1979 signed to press 2 Feb 79
pp 18-22

[Article by G. Ya. Gensirovskaya, A. A. Kotkin, A. V. Krivosheykin,
V. I. Moskvitin, M. A. Stolypin]

[Text] The possibility of obtaining high indicators when making digital
analog converters (TsAP) by microelectronic technology methods predeter-
mines greatly the attention given them by microelectronics.

Depending upon the required TsAP characteristics, two techmological
directions became apparent for their realization: semiconductor -- for
making relatively inexpensive compact TsAP; and hybrid-film -- for making

- multibit, high precision [1-5] TsAP. The TsAP theory is highly developed
with respect to principles of operation and design [6]. However, there
are a number of problems related to the organization of their production.
Therefore, speaking about the special features of development, we will

- keep in mind the solving of the problem of BGIS*TsAP production. To obtain
the basic TsAP parameters most fully (accuracy, linearity, fast action)
[1] a BGIS TsAP (see Fig. 1) [7] based on the current summation principle
is used.

We will consider the possibilities of the given implementation according
to the basic characteristics when building with hybrid-film components,
taking into account the existing technological standards.

The problem consists of the following:

identify TsAP parameters monitored in the process of production;

determine sources of errors of these parameters for a given TsAP and
their quantitative evaluation;

*[Large~scale hybrid integrated circuits.]
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consider methods for compensating for errors or technical methods for
their elimination;

substantiate the expediency of using this or another method for error

compensation,
v
/s
Fig.
1. oulr 3. IION
2. TON 4, Volts

For basic TsAP parameters, such as accuracy, linearity and fast action,
the norms for the allowable errors are set for any code combination at
the TsAP input. Thus, to monitor these parameters, it is necessary to
consider all code combinations which, for an n-bit TsAP, is equal to
2", 1t is obvious that to measure the characteristic of each TsAP would
require a long time and is unacceptable in series production. There-
fore, an accuracy measurement is made at a limited number of points,
permitted by GOST 14015-68, which, however, does not guarantee that
requirements will be met at all points. The situation is complicated
considerably for precision TsAP. Actually, the absolute accuracy of
the TsAP output for any number of bits should not exceed % of the
voltage, corresponding to the least significant digit (MZR) [6] .
Even fox 12 bits, the relative accuracy should be no worse than 0.012%.
Apparatus should be used for measurement that has an accuracy corres-
ponding to that of domestic devices for making metrological checks,
which is impossible to achieve in production. The solution is con-
siderably worse when the number of bits increases., Therefore, accuracy
cannot be the parameter monitored in the process of production. A
quantizing step can be used as such a parameter,

Let a sequence of binary digits (code combinations) be sent to the

digital input of the TsAP, with each one of them numbered in increasing
order m=1, 2"; n -- number of bits.
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A stepped signal is formed at the TsAP output. Voltage differences
U(m), utm=1) | corresponding to adjacent numbers in sequence m, m-l,
are called quantizing steps A, .

Linearity requirements designate the accuracy requirements of a
quantizing step for any m & (1,2). Thus, by monitoring the parameter
quality of a quantizing step, we will moritor the linearity.

We will prove that the number of monitoring points in a sequence of
_ ’ ‘binary digits may be equal to n. We will write the expression for a
quantizing step with number m:

n n
A = UM _grtm=D) 2 ,,(Im)UI_ Eby"_"Ulr mgfl, 27}, (N
=t J=1 .

where U, -- voltage at the TsAP output, correspondin% to a iany

digit with one unit in the j-th bit; coefficients b, m) b ML) assume
values 0 or 1 depending on the value of the correspdnding bit in -

- binary digits with numbers m and (m-1), while for .1 Hr =0, j=1,m
Since these number differ by unity, there is alwcys such a number of
bit k, for the considered binary digits, that:

1) the code combinations will coincide up to the (k-1)~th high order
bit;

2) for the m-th code combination, the value of the k-th bit is 1,
while the value of lower bits is equal to 0, i.e.,

B <1, 8P w0, j-EFTm
3) for the (m-1) code combination, the following relationships hold;
= .. 0, -‘“b‘)',"—" )

=1, J=k{T,n.

Taking these properties into account (1) can be written in form

n n n
- B NBMU; DI U P Uy mEL 2L @
j=k j=k I=k+1

Since voltages U , k = 1, n are independent, then in correspondence
with (2) there afe such n linearly independent quantation steps

Bmr k=1t?: that any quantizing step Am, m=1, 2", coincides
with one of fhem. The truth of the reverse assertion also follows
from (2).
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Therefore, it may be asserted that the linearity error of any quantizing

step Am. me |1, 2n], does not exceed a given value only when
the error in n quantizing steps AQ,,x does not exceed the same value,
Therefore, the necessary and sufficient number of monitoring points is

equal to n, which was to be proven. Monitoring steps A mk are formed

by voltage differences at the TsAP output when only the k-th bit and

simultaneously all preceding lower order bits are included.

Before proceeding to the study of the basic sources of errors, we will

- consider tne circuit shown in the Figure in greater detail.

bit determined by formula

= Iy = EgrSp,  k=1,n, 3)

oscillators, controlled by voltage E,r produce equal currents in each

where Sk = 1/Rrk -- transconductance of current oscillators; R --
corresponding master current resistor of resistive matrix R.; source

of reference voltage (ION) and the inverting ION (IION) are intended
respectively for obtaining a sign-changing voltage at the TsAP output
and the voltage for reference source E 57 . Resistive matrix

R-2R divides these currents at the TsAP output, and switches V
«ee, 00 switch the oscillator currents in the bits.

The basic error sources in the TsAP parameters are:

1) errors in manufacturing components of resistor matrices R-2R and R H
r

(0U), used in current oscillators;

wom

3) 1inverse currents Im,,o of the switching switches,

2) input currents I gy and bias voltages ECM of operational amplifiers

KP-308 field transistors in the diode connection are used as switches

in such a way that the inverse current of the switches is equal to the

shut-off current and does not exceed one nanoampere. This makes it
possible to neglect the third source of errors. Sources of errors due

resistors of current regenerators according to formula

BRi = —Ecu/Esr, bR,!k = lox/lry, k=T, n, *)

to parameters OU-ECM, Iex , in accordance with (3) may be reduced
to equivalent deviations from nominal values of the master current

where abﬁ,ﬁph -- equivalent relative deviations of
resistors R .. Thus, in calculating the TsAP parameter errors, it is

possible to'consider only the effect of resistor matrices R-2R,
taking into account the equivalent errors in their components,

applies also to the determination of the temperature relationships.
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Here the following values were assumed: Eyjp =10 v, I = lma;

R = 10 kohms (S = 10~% ohms), k = 1.14; resistancesTf the matrix
r£§istors R-2R ark equal to omne to two kohms.

- Substituting these values into (4), as well as typical values [8 1

for OU- ’“CM’ L 8mv, I <. 50 nanoamperes, we will obtain for the
current resistor evaluatigés:

[3RE, | < 0,08%, 3R], | < 0,005%.

The random deviation of the value of each component is the sum of two
independent random values [9 ] . The first of them is common to all
components and may assume large values. The second is individual and

- determines the error in the ratios of component values. Since the

errors in the TsAP characteristics are determined basically by the

- errors in the ratios, we will keep in mind the second error component.,
At the existing technological level, with the individual adjustment
of resistors, it is possible to obtain an accuracy of 0,01% which
corresponds to an error value in manufacturing resistor matrices of

|6R1'<0,005%.

We will consider the possibilities for reducing parameter errors of

the TsAP due to errors in its components, Obviously, up to a certain

level, the accuracy of the TsAP parameters may be insured only by the

pPrecision of manufacture. In the following, the effect of uncon-

trolled OU errors in the production of the TsAP becomes essential,

At this stage, an additional technological operation -- functional

(selective) assembly [10, 11] » may be introduced to meet parameter

requirements. It consists of finding those that have small errors

among the U0 and installing them in current oscillators of several

of the higher order bits. The remaining ones are installed in

oscillators of the lower order bits. A further reduction in TsAP

- parameter errors is possible only by using functional tuning as a
compulsory stage in the technological production process [3,5] .

_ In this case, the necessity for making accurate resistor matrices is

eliminated; however, the functional assembly must be maintained

because it solves the problem of temperature stability of the TsAP

parameters [12 ;

Therefore, the error value in the TsAP parameters, at which it 1is sound
practice to introduce the functional assembly and then functional

B tuning is of great importance. A method described in [13] solves the
problem of synthesizing tolerances in the TsAP components for accuracy
requirements at each quantizing step equal to 1/3 MZP. The Table
shows the calculated values for the tolerances in percentages for the
TsAP components for various numbers of bits,
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é (i) Yueao (ZPncuenru
= PO R | R | Ru | Ra [ Ra | Ru | #u | R | R | Ru | R
-8 1 0,9 1 0,50 10,75 0,40 | 0,19
9 1- {072 1 |038]1 0,221 033 [0,16 [0,083
10 I o65] 1 Jo033]1 0,18 0,63 10,10 [0,150(0,077] 0,038
1 tojos) 1 0|1 0,15 [ 17 0,08 fo,25010.017 |0 071
12 i 0,651 1 0,27 [ 1 0,1t L 0,07210,55010,038 0,13
13 1 050 1 [02]1 0,131 1 100651 0,033(0,25
14 . 1 0,49 ! 0,251 0,12 ] 1 0,06 {1 0,031 10,50
- . |
" Yweno JaemenTis
paspa1on Riq , R I R , Ry, I Ry Ry Ry l Rs; IR”—-PN Rey
B -] .8 ! 1
9 1 1
10 1 1
11 0,035 0,0!8 _ 1 1
12 0,022 | 0,033 {0,017]0.008 ‘ 1 1
13 - 0,018 0,063 10,01 10,016/0,008{0,004 i 1
14 0,016 0,12 10,009]0,03 |0,005|0,007 0,004(0,002| 1 0,96
Yneo 3:1L'm‘||'ru .
paspaios R l Re Req , Ry ' R, ,k‘“: I Reys ' Ry ,Rr" , R,
8 0,74 | 0,37 0,18 0,00 | ‘ '
:9-. |- 0,66 0,33 0,16 10,08 10,041 i :
- 10 0,60 0,30 0,15 [0,077]0.038]0,0'9
11 0,66 0,28 0,14 10,07 10,035]{0,017]0,005
12 0,54 0,27 0,13 10,067]0,033|0.016]0. 008 {0,001
13 0,50 0.25 0,12 10,06 15,03 [0,015{0,008{0.00% 0,002
- 14 0,48 0,24 0,12 [0.06 |o,03 0,015]0,008 | 0,004 | 0,002 0,001
1. Number of bits 2. Components
By comparing these results and the erxror values cited above, the
following conclusions can be mads:
= L. Required TsAP parameters with a number of bits not greater than
eight way be provided by accurate manufacturing of resistor
matrices.
2. Functional assembly must be introduced for a number of bits greater
than nine.
B 3. Functional tuning must be introduced for a number of bits 12 and

greater, with tolerances of 1% allowed for components of
resistor matrices R-2R and Rr'

the

We will now evaluate the possibility of introducing a functional

assembly for the 11-bit TsAP.

For simplicity, we will neglect errcrs in manufacturing resistors of

matrix R_.
r
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From the data in the Table, it follows that in higher order bits, it
is necessary to install OU with equivalent deviations of resistors

ITRE1<.0,008%, [kE|<0,017%, I3R%] <0,035%, |bRE | <0,07%,

which correspond to the following requirements to bias voltages
|Ecuy] 0,64 MB, | Ecyy | < 1,36 MB, | Equal < 2,8 MB, | Eene| < 5,6 mB = m volts.

We will assume a normal distribution law for bias voltages and a
value of 3 o  for the boundary value | E.l =8mvolts. Then,
to an accuracy of 0.99, it may be stated g?%-] that for 100 units
from 1100 units of TsAP, not less than 179 OU will meet the require-
ments of the first higher order bit; not less than 391 -- of the
second; not less than 741 -- of the third and not less than 1045 --
of the fourth higher order bit. Since the required number of OU is
100 for each bit, cited evaluations attest to the actual possibility
of introducing the functional assembly with a considerable surplus

of OU available in a lot above the required number.

It should be noted that monitoring the quantizing steps, i.e,, the
conversion linearity, in the process of production does not guarantee
meeting requirements of other parameters, for example, the value of
the transconductance of the conversion characteristic, When this
parameter is important, tuning of the transconductance should be
introduced along with other adopted measures for insuring linearity,
by using resistor R22 of the input OU (see Figure) for this purpose,

The investigation made it possible to develop a microcircuit for the
TsAP, which is a hybrid integrated circuit of the third degree of inte-
gration and has over 800 components. All components are commected to
the switching board and housing crosspieces by wires, A ceramic

_ 30 x 48mm substrate is used to made a two-layer thick-film switching
plate. Electron beam piercing of holes in the ceramic substrates with
the following metallization of the holes by stenciling them is used as
a basis for the technology of forming interlayer switching of components.,
The BGIS TsAP is made in a metal-glass housing with 40 pin terminals
with an average distance of 2.5mm between them.

The measured parameters of the manufactured samples of BGIS TsAP using
functional assembly meet linearity requirements of 12 bits in a tempera-~
ture range of -60 to +80°C, which is very close to the evaluations

cited above. The power used does not exceed 0.8 watts and the setting
time does not exceed eight microseconds.
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Thus, the results obtained in this paper make it possible to solve

problems related to manufacturing TsAP. 1In spite of the concreteness

of the examples, a number of conclusions are general enough and,

in that sense, serve as an addition to the information known in theory.
In conclusion, the authors express their gratitude to R. I. Grushvitskiy,
$. M. Pavlov, 0. N. Selyutin, S. M. Tolpygo and G. P. Shlykov for the
useful contacts with them that facilitated the clarification of the
essence of the considered problems.
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Radars, Radio Navigation Aides, Direction Finding

UDC 621.396.96
SUPERREGENERATIVE DETECTOR

Moscow RADIOTEKHNIKA in Russian No 9, 1979 signed to press after
completion 10 Apr 79 pp 50-53

[Article by G. I. Kravchenko, V. L. Gurevich, L. F. Mochalina]

[Text] Problems are considered in [1] of the interference stability of a
superregenerative pulse signal receiver. An analysis is given below of a
superregenerator acoustic locator, the block diagram of which is shown in
Fig. 1, intended for detecting objects in a given zone (in a given distance

element). The designations in the Figure are: 1 -- supergenerator (GS),
2 -~ superregenerator (Sr); 3 -- threshold device (PU), 4 -- receiving-
transmitting acoustic converter (Pr), 5 -- object.

Fig. 1

Principle of locator operation. If there is no object in the detection
_ zone, Sp operates in a linear mode by its internal or external noises and
~ its output pulses (flashes) have a low altitude, fluctuating around an
average value A,. The appearance of an object (target) in the zome leads
- to an origination of a positive feedback (reflected pulses enter the Sr
at the moment of generation of successive flashes) which produces an
incremental pulse process in the system, that ends at some level A
- when the mechanism for limiting the amplitude becomes active in the Sr.
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- When the object leaves the detection zone, a change occurs during one

- period of supergeneration of large (amplitude A ) to small (amplitude
A ) oscillatlons. PU compares the flash amplittde with a given level
and produces an answer on the presence of a target,

As follows from the principle of operation, the locator has an
adaptivity with respect to the radiated power: in the absence of a
target it radiates comparatively low power which increases only when
the object appears. Ratio D = Ap/Aa is the measure of adaptivity.

We will determine the characteristics of the detection device, using
equation (1) with designations given in [}] » assuming that R(t)
- takes into account the negative resistance changing with time and,
moreover, internal losses and losses introduced by the acoustic converter;
E(t) is the emf of the acoustic converter translated to the Sr
circuit. We will find the output voltage u(t) (voltage across
_ capacitance Sr) in the form.

u (1) = g (OIC = a(f) sin ogt — b () cos uyt, M
where w=1/y'IC == internal frequency of Sr. We consider that
the continuous law of supergeneration 6(=R(2L  provides for
a single start of Sr and satisfies requirement 6(f) <0 for
i<t 8()>0 for n<t<ty, while 28 () Jwo& 1.

By analogy with [1 ] » by the method of slowly changiié amplitudes
3

[2] and using the procedure of partial contraction we find
d ¢
alt) _ . S fosm») 2
(5e0) = Keba "'“’_‘"’(sm.z # @

—0

where

K¢ = exp)" 3(0)dt

¢

-- amplification coefficient due to superregeneration;
¢

kN
hy(€) = exp S b(d)dt; hy(t) = expS 3(¢) dt.
t

Iy

To obtain high interference stability, we will require that voltage u(t)
coincides with the optimal input signal of Sr, found in [1] for the
case of receiving signals with a background of white noise, to a pre-
cision up to a constant shift. We will call an Sr, meeting this require-
ment, self-matched. As follows from 4 » the properties of a self-
matched Sr coincides with the properties of a linear undistorting active
quadripole without demodulation.
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We will determine the supergeneration law that provides for self-
matching. For this purpose, we will select on the time axis, points
t;, tg and ts so that the following equation is fulfilled

-
-

f
v ()t -$ 3(t)dt = In ¥ Ko

4

fy 4y

S 3(t)dt = S b(¢)dt =
1 t

C a3,

We will also assume that VRS> 1 . This provides a
basis, assuming error b=1/yK, in the determination of
atl)

(17 (t))

and neglecting the values of

a(ﬂ)
(h /)
smaller than
a(t,)
”QmJ
to replace functions hl,z(t) in (2) by simpler (contracted) relation-
ships Hy,2(t) that correspond to

- H,(t) = h,(¢), L <t Hl(t)“ov 5, <t<t,
Hy() = hy(t), £, <t < ts, Hy(t) = 0, <ttty

If the supergeneration law § (t) is selected so that the following
relationship is fulfilled

Hy(6) =y (t —=0) = H, (1), @

where Te==0 —Ty, Sr converts, to a precision up to a constant
shift in phase to fill the flash, into an undistorting linear active
quadripole without demodulation, i.e., it becomes self-matched.

Actually, assuming that instead of (1) at the Sr output, the following
process takes place

u (£) = a(t) cos (wof + ¢) + 6 (¢) sin (wef + ¢),
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P == — w,T,
where o

can be written thus:

, the formula that ties u(t) and € (t)

3

M) =0k, [H.'(t—rc)cosw. (¢t —ze) S Ho(t) s (¢)coswptdt + Ho(t — <) sinwg (¢ — o) X

X § Hoyt)s () sln u,tdt].

—0

This is the algorithm of the sought for quadripole, supplemented by
an amplifier with amplification coefficient K, For multiple incoherent

(independent) starts with period T, we have P

u () = wKe [h!° (t — 1T — ) 08 6y (¢ — %) S Ha(t —aTc)e (t) cos wptdt +

¢ l—:c
+ Ho(t —nT—x)sin wg (£ —1p) S Hy(t —nTc)s(t)sin m,idt], “
{—t
. where n = o, 1, 2, .., ~-- number of stargs.

The functional circuit, implementing algorithm (4), is shown in Fig. 2
(within the broken line). We will call this circuit a mathematical
model of a self-matched Sr.

We obtain the model of the detector as a whole (the linear version)
by supplementing the Sr with delay line Q:% and attenuator
(Fig. 2). Delay line Ty, 1is equal to the delay of the reflected
signals, while the value of < corresponds to the ratio of the
B amplitudes of the probing and reflected pulses at the Pr terminals.
Thus, the detector represents a closed pulse system whose two links
take into account the characteristics of the object.
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- We will open the circuit in Fig. 2 between attenuator g and amplifier

K. and will make the following experiment mentally. We will send to

the amplifier input a sequence of pulses Bnho(l——ﬂTc—Tn-fYc\COS (ot +9), By, y=const,
measure amplitude B, of pulses at the attenuator output. We will
designate ratio B,/B; by S. Then, we will change Tu, and

simultaneously to reproduce a discrete radial movement of the target

after which we repeat the measurement of S. After a number of similar
tests, we will obtain relationship S('Tu,)’ which in correspondence

to (4) should have the form

S (zy) = const B=0) S, (tu—mTc—=), S, (t) = S Ho(.V“u)”o(}')"% ;

where m = 1, 2, 3, .., -- numbers of the detection zone; F(Tﬁ) -—-
function of attenuation of f3 with the delay time.

Returning to the closed circuit, we conclude that it will lose stability
- in intervals AT, , where (62

In a real locator, there exists some mechanism for limiting the ampli-
tude at level A_, 1In this case, stability regions ( Tw, outside of
_ intervals ATy, ) will coincide in the linear and nonlinear cases,
As far as values of T within intervals of AT are concerned,
a stable state with amplitude A corresponds to the instability of
the linear circuit, in a nonlinéar device here. Thus, we may consider
a superregenerative locator a device whose stable state with respect
to the amplitude of the radiated pulses has two levels -- 0 and Ap,
with the "switching” of the system from state "0" to state "Ap"
(and conversely) being done by movement of the target.

We will determine the detection characteristics, For this, we will
assume that the Sr input receives, besides reflected signals e(t),
also normal delta-correlated noise M (t) with a two-sided spectral
density No+ We will consider the simplest situation where the target
appears at the center of any detection zone.

Since a self-matched Sr implements a quadratic-correlation processing
of mixture e(t) - 77(t), detection characteristics of the considered
locator coincide with the similar characteristics of a monopulse
locator which is equipped with a quadratic-correlation receiver and
radiates a pulse coinciding with flash Sr in the mode of large
oscillations. The system differs from the indicated locator by the

detection time and the presence of a threshold for the reflection
area of the targets.

Detection time Ty§y is practically equal to the duration of the circuit
transition from the zero state to the state with amplitude A_. We will
use recurrent formula Ai=S(ta)Ai-,, where A. and A; . are

~ amplitudes of the i-th and (i-1) flashes during the transition process
for calculating Tosy « It follows from the formula that
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InD
Totn =T¢ m 4 (5)_ .

The expression found not only evaluates To5y » but also shows that

the system has a threshold for the target reflection area. The
threshold condition is inequality S(t)>1 : targets

. that have an insufficient reflection area and do not meet the require-

ments of this inequality are not detected,

Thus, compared to the traditional locator which is equipped with a
quadratic-correlation receiver and radiates ome pulse which coincides
with flash Sr in the large oscillations mode, the considered device
has a greater detection time [ﬁee (5)] and, moreover, is character-
ized by a threshold effect in accordance with the reflection area of
the targets: These properties are a "price" ' for the adaptivity.

For objects in the center of any detection zone, condition S(tn) =1
will be fulfilled, if E = 2N, where E_ is the energy of the reflected
signal at the Sr input. An experimental check of this condition is a
convenient method for determining the interference stability of the
system (closeness to the quadratic-correlation device).

A capacitive acoustic head with a 10° radiation pattern was used in
the laboratory model of the detector. Along with units shown in Fig. 1,
the model included a voltage converter that provided a constant bias
of 100 volts to the head. The PU role was fulfilled by an amplitude
detector, a DC amplifier and a photodiode indicator. The device

was fed by a 4.5 volt battery and consumed two milliamperes. The GS
(multivibrator) had Te regulation limits from 6 to 100 milliseconds;
the Sr (natural frequency 25k Hz) was designed in accordance with the
circuit shown in [5] . The self-matching mode was obtained by
measuring Hy, 5(t) characteristics and selecting components of the
device to meet condition (3), The following experimental data was
obtained: maximum detection range of an object with a reflection
area -- 20m (D = 6db), minimum range -- 1,5m (D = 46db), adaptivity

D = 40db at a distance of 4m.

To evaluate the interference stability of the system, the object was
located in the center of the first detection zone; then the amplification
of Sr was reduced to a level at which the circuit "switched over" to

the small oscillation mode. The period of T, was changed and voltage
from head Pr was fed to a measuring amplifier with a passband equal to
the noise band of Sr. The signal/noise ratio was evaluated at the
amplifier output and threshold condition E_ = 2N, was checked by cal-
culation. The calculated value E, = 2.2Noccoincided well with the
theoretical value.
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- COMPUTER SIMULATION IN RADAR

, Moscow MODELIROVANIYE V. RADIOLOKATSII (Computer Simulation in Radar) in
Russian 1979 signed to press 6 Mar 79, p 2, 263-264

[Annotation and table of contents from book by Aleksandr Ivanovich Leonov,
Vladimir Nikolayevich Vasenev, Yuriy Ivanovich Gaydukov, et al, edited
by Aleksandr Ivanovich Leonov, Sovetskoye radio, 7000 copies, 264 pages]

[Text] This book is on the subject of the use of computer simulation for

- the evaluation of technical solutions, efficiency, and main characteristics
of radar stations during the stages of their development and testing.
General principles and methods of radar simulation are examined.

The book is intended for specialists engaged in the development and testing
of radar stations, as well as for those engaged in the problems of the use
of digital computers for simulation.
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uDpcC 621,396,96:621,391,82
OPTIMIZING DIGITAL COHERENT WEIGHTED PROCESSING OF RADAR SIGNALS

Kiev TIZV. VUZ: RADIOELEKTRONIKA in Russian Vol 22 No 8, 1979 pp 90-93
manuscript received 26 May 78, after revision 3 Jan 79

[Article by D.I. Popov and V.I. Koshelev]

B [Text] The structure of an optimal signal discrimination system for the

two extreme cases of strongly correlated and uncorrelated white noise
interference is distinguished by the presence or absence respectively of

a rejection filter at the input to the coherent store, where the filter
takes the form of a repeated interperiod compensation device (ChPK) [1].

In the intermediate case, as well as for a combination of correlated inter-
ference and white noise, the optimal system is not realized using traditional
rejection filters and storage devices., However, when selecting the order of
the rejection filter and the weighting factors of the store in accordance
with the interference parameters and the signal to noise ratio, one can
desipn a quasi-optimal system (KS) [QS], which approaches the efficiency of
the optimal system,

The optimization of the coherent weighting
factors for a storage device is treated below,
and various QS's are compared.

Let sample values of an additive mixture of

_ . 'Io- -2‘ 3° .
BTG
N Sinwr
2

- Cos ! 3 the signal, interference and noise, character-
- - ° ized by the n~dimensional gaussian column vec-
B At
{iL [Z]*{Zﬁ tor § = ||skexpi (9g + ¢AH)|| be fed to the
¢ input of the digital QS depicted in Figure 1,
. where sy and ¢¢ are the absolute value and
Figure 1.

initial phase respectively of the k-th sample,

; while ¢ gy [¢dx] is the doppler phase shift over k periods. The quadra-
ture components of the input samples formed at the output of the phase det-
ectors (FD) [1.] are converted to digital codes in the analog-to-digital con-
verters (ATsP) [2.], and the codes are fed to the digital rejection filters
(TsRF) [3.], which suppress the interference and cam be characterized by the
pulse characteristic coefficients, gy, where k = 0, m-1, The rejection resi-
dues are fed to the digital bandpass filter (TsPF) [4.], which can be
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characterized by a (n - m)-dimensional complex column vector of coefficients
of the pulse characteristic W = ”&RIL

It is convenient to characterize the passage of the input vector through
the digital rejection filters by an n-dimensional square rejection matrix
G, the elements of which are Gjp = gy when k < j < min(n, mtk), and
Gijk = O when 1 < j<kandm+k+ 1< j<n, To take into account the
curtailment of the sample being processed due to the transient response in
the digital rejection filters, we shall introduge the n-dimensional column
vector 1l = |lhd], vhere hg = 0 when 1 < k < m, hy = Wk-g-1, when m < k < n.
‘Then the output quantity of the digital bandpass filter is V = SGH, the
dispersion _of which with a zero mathematical expectation of the input data
is o} = VR — nTGTssa1e, . By definition, ST*S/2 = ¢2R, where o2 and
R are the dispersion and the normalized correlation matrix of the input
- vector respectively. Then the passage of the process through the system
is described by the quantity o%/cz = HI*GTRGH.

We shall characterize the efficiency of the QS by the coefficient of improve-
ment in the signal/(interference plus noise) ratio, the size of which, with-
out taking into account level quantization errors, is

(o} /%), HT*GTR G

tg == e M 1ok ), 1
DO g HOGT (R, 1 e -

where X is the noise/interference ratio with respect to power; I is a unit
matrix,

The quantity pg is related to the threshold signal q by the false alarm F
and detection D probabilities by the formula D = F1/1+10q [1], The quantity
g depends to a significant extent on the a priori unknown parameters ¢4k and
the spectral width of the interference fluctuations, py, which determines the
celements of the matrix Ry.

In this regard, it is expedient to optimize the digital bandpass filter co-
efficients based on the criterion of an improvement in the coefficient aver-
aged over these parameters and having the form:
kn Py
) LA
Moo= Taapy § ) G a) oy,

B
Pan

(2)

where ppy and Ap; are the lower boundary and the possible range of change
respectively in the spectral width of the interference fluctuations. For
first and second order rejection filters, which are usually employed in

- QS's, binomial coefficients are close to optimal [2]. We shall make use of
the well known weighting functions of Dolf-Chebyshev and Kaiser, which are
distinguished by properties of optimality in the frequency range, to approx-
imate the coefficients of the digital bandpass filter. As calculations have
shown, the Dolf-Chebyshev function has proved to be more efficient for the

problem under consideration here, where this function has the following form
for even n:
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where o is a parameter which determines
its amplitude with respect to the first
polynomialj zo+ ('h(;ii arch «). .
o

Tn carrying out the search based on the
compromise between the width of the mai
lobus, where the efficieny of the QS
will be maximal., We shall write the ta
problem in the form Mgy * MaXy. The pr
one dimensional search methods which al
series of local extrema, and by sorting
is found. The critierion for the compl

is the condition |pay i - uav (j+l)|/“a

step; € is a specified error in the det
this criterion, the "method of the gold
approach [3].

In the numerical calculations, the reso
characterize the normalized spectral wi
of 0.5 of the maximum are used as the a
trum of the signal and interference res
the interference is considered to be co
for the signal (¢dk = k¢q), where n = 1

The curves for the threshold signal as

ratio at the input are shown in Figure

tg = +2k - Dw, k=0, 1, 2, ..., for

in accordance with [41}, the ChPK-2 Q3

2), the ChPK-1 QS - VN (curve 3), the Q
case of weighted storage (curve 4), the
(curve 5) and the ChPK-1 QS - RN (curve
that the ChPK-2-VN QS and the ChPK-1-VN
terms of efficiency, being no more than
simplification of the QS structure, its
increases, attaining 15 dB when A = -80
storage system, Weighted processing pe
QS efficiency, in which case, the impro
ChPK-1 than for the system with ChPK-=2.
to fixed values of the doppler shift of
interference and the widths of its fluc
limitation, they allow for a clear eval
efficiency of the various QS's approach
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0 and p. = 0.015,
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The curves of uay(A) for various QS's for the case of optimization of jthe
digital bandpass filter coefficients are shown in Figure 2b where an5=
= 0.05 and Ap, = 0.15, Curve 1 corresponds to the ChPK-2-VN system;
2 corresponds to ChPK-1-VN; 3 corresponds to the ChPK-2-RN; 4 corresponds
to the weighted storage system and 5 corresponds to the ChPK-1-RN. It
follows from Figure 2b that the optimization of the weighting factors
increases QS efficiency not only in the case of fixed and known parameters
of the interference (Figure 2a), but also under conditions of their apriori
ambiguity, Thus, when A = -60 -- -80 dB, the gain in the quantity u,y
because of the transition from equili-
TABLE 1 “ brium to weighted storage in the '
- I— ChPK~2-VN system amounts to 5-80 dB,
and 8-10 dB in the ChPK~1-VN system,

. With an increase in the white noise
Qs \M Ade —80| —60| —40 | —20  level, the gain due to the weighted
KC processing falls off, while the weighted
store degenerates into an equilibrium
%- UnK-2-BH 182 76 30 30 store. The weighted storage system when
o YMK-I-BH | 1917 ] 288 | 51| 30 A = =60 —— -80 dB has an advantage over
3. BH 3000 | 3000 | 350 | 30 tpo CHPK~1-RN QS (by 3.5 to 5 dB) and is

inferior to it by a slight amount when

Key: 1. ChPK-2-VN [interperiod A > =40 dB. We will note that with other
compensation - 2 - weighting functions, both of these sys-
weighted store]; tems prove to be comparable in terms of

2, ChPK-1-VN; effectiveness [5]. The functions cited
3. VN, here make it possible to select a system

on the basis of data on the level of
internal noise which delivers the .
requisite efficiency with minimal complexity.
The optimal values of the parameter agpt for various QS's and values of

A given in Table 1, from which it can be seen that with an increase in the
overall interference spectrum at the input to the digital bandpass filter
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of the uncorrelated component (both as a result of increasing A and as a
result of the decorrelation of the interference in the digital rejection
filter), there is a decrease in the quantity agpt, something which is due
to the necessity of narrowing the width of the main lobe in this case,

Thus, when optimizing the weighting factors of the digital bandpass filter,
QS efficiency under certain conditions approaches the efficiency of the
optimal system. In this case, the expediency of increasing the complexity
of the rejection factor, as well as introducing weighted processing into the
digital bandpass filter, depends on the noise/interference ratio and falls
off with an increase in this ratio.
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RADAR WI'TH ADAPTLVE TUNING

Kiev IZV. VUZ: RADIOELEKTRONIKA in Russian Vol 22 No 8, 1979 pp 15-22
manuscript received 14 Apr 78, after revision 26 Sep 78

[Article by L.S, Mettus]

[Text] An analysis is made of the operation of adaptive
radar detection with carrier frequency control, which
employs a finite automat as the adaptive device. A pro-
cedure for calculating the detection characteristics is
treated and an example is adduced.

It is well known that the effective scattering area (EPR) of a target as a
function of the angular coordinates depends substantially on the transmit
frequency. Minima of -the EPR can be observed in the case of mutual motions
of the target and the radar, something which leads to the attenuation of the
radar return and possible loss of target, To avoid such situations, radars
were proposed having a random (equiprobable in a specified range of fre-
quencies) pulse by pulse tuning of the frequency, It was shown in [1, 2]
that there is a gain both in the detection characteristics (for acquisition
radars) and the tracking precision (for tracking radars). A further deve-
lopment of this idea is the effort to control the randem frequency retuning
for the purpose of increasing the operation time at that frequency where the
EPR of the target is maximal [3], if.e,, the use of adaptation is proposed by
means of retuning the carrier frequency, In this case, as was to be anti-
cipated, we will obtain yet an additional gain in the detection character-
istics.

Moreover, the specific goal oriented control of the carrier frequency can
prove to be useful when a radar operates under conditions of nonuniform
spectral density of the interference, when there is the possibility of
selecting that working frequency where the interference intensity is minimal.
Given below is an analysis of the operation of an adaptive acquisition radar

with control of the carrier frequency, which uses a finite automat as the
adaptive device.
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A block diagram of an adaptive radar is
shown in Figure 1, where LTP [1] 1is the
linear receiver channel, which processes
the one-time signal; PRD [7] is the trans-
mitter with the controlled carrier fre-
quency; UOP [2] is the packet [pulse train]
processor; PU [3] is the threshold gate;
BA [6] is the adaptation unitj; IPK [4] is
the quality indicator meter; FP [5] is the
functional converter; UDSCh [9] is the
Figure 1. controllable random number generator; and
KA [8] is the finite automat.

The radar considered here differs from a conventional one in the presence of
the adaptation unit., The adaptation unit is intended for improving the qual-
ity indicators of the radar in the process of packet processing, and specifi-
cally, for assuring the predominant operation of the radar at the "favorable"
carrier frequency. For this, an entire packet of volume N is broken down
into n subpackets, each of which contains m signals (N = om). The qual-
ity indicator is measured within the limits of a subpacket, and in this case,
the carrier frequency remains constant, A change in frequency can occur only
from one subpacket to another.

- The given radar, just as any adaptive system, pursues a specific goal: the
maximization of the correct detection probability (given a constant false
alarm probability) by means of changing the carrier frequency. Any quantity
which is monotonically related to the correct detection probability, for
example, the signal-to-noise ratio or the difference between the signal and
interference power, can play the part of the quality indicator,

We shall limit the discussion to finite automats [4] with a binary input
alphabet, i.e., consisting of two elements (reactions of the media): "win"
(+1) and "lose" (-1). The input signal ("win" or "lose") is a discrete ran-
dom quantity specified by the "win'" probability. In order for the entire
system to have a goal oriented behavior, it is necessary that the "win" pro-
bability, obtained by the automat for the performed action (the transmission
at a specific carrier frequency) be monotonically related to the quality in-
dicator.

The functional converter maps the set of permissible values of the quality
indicator in the range [0, 1]. The controlled random number generator gen-
erates "wins" with probabilities equal to the values of the output signal of
the functional converter and "losses" with the complementary probability.,
The operational principle of the automat consists in the fact that in reali-
zing random wandering through the set of actions (the values of the carrier
frequencies), it makes an effort to predominantly perform that action, for
which the "win'" probability is the highest,

Thus, with the appropriate selection of the quality indicator, the functional
converter and the automat, a radar which is equipped with an adaptation unit
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will operate predominantly at that carrier frequency for which the correct
detection probability is maximal. We will note that not only an acquisition
radar, but also a tracking radar, can be equipped with such an adaptation
unit.

In calculating the detection characteristics, we shall assume that at the

- output of the linear receiver channel, a random sequence is observed, the
elements of which are independent random quantities. This sequence is gen-
erated either by a mixture of signal and interference (the H; hypothesis),
or only by interference (the Hy hypothesis). 1In this case, it is more con-
venient to adopt double indexing of the elements of a sequence (a packet),
and' specifically: the first subscript (i = T, n) will designate the number
of a subpacket, while the second (j = T, m) designates the ordinal number of
an element in a subpacket, X171, ses 5 XIp} oo 3 Xils eoe 5 Xijs ees 5 Xip}
cee 3 Xpls eee s Xpp, X (~=, @),

The carrier frequency is constant within the limits of a subpacket, b%t is
a discrete random quantity which takes on values from a finite set {f k); k =
= 1, L}. Then, within the limits of a packet, the carrier frequency forms a
discrete random process. Thus, there are two dependent random processes in

- the general case, One 1s generated by the random nature of the interference
and the radar return, while the other is produced by the random variation in the
carrier frequency from one subpacket to another. Their dependence is due to
the fact that it is desirable by means of the second process to realize goal
directed control of the first based on the observations of the latter. It
follows from this that the composite multidimensional probability density of
the observation vector and the carrier frequency vector is:

w(xu-"' ' xnm: fh"- ’ in) = w(fi"" ’ fn) l—] n w(x.'}lfl- seey fn)

i=t j=|

The probability density of the random quantity x;; depends on the value of
the carrier frequency of the transmitted signal in the i-th subpacket, i.e.
on fi, but in no case (if the interference does not depend on the signal) does
it depend on the values of the carrier frequencies in the other subpackets.
- For this reason:

w(xlh weey Xnms fl) e ' fn) = w(f!v o fn) n ﬁ w (xillfl)' (1)

=1 j=1

We shall assume that the parametric family of distribution functions
w(xijlfi) is unknown, which is determined by the models adopted for the
signal and interference. There then remains the determination of w(f1, ...
«e+ 5 fp), which describes the functioning of the adaptation unit.

Taking into account the discrete nature of the random quantity fi, we repre-

sent w(fi1, ... , fn) in the following form:
!

) .
es = (fl) (!l . ’
@G B ngl k,.2=1R(fl oo B V8~ fa ~ fifa, ()
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where ky = I, 7 for all  i=1,n; R(f%,..., fi) is the probability
of the event that in the first subpacket, the value of the frequency is f(kl),

in the second it is f(kz), etc.,(the probability of the realization of the
carrier frequencies); 8(...) is a multidimensional delta function., We will
note that the realizations of the carrier frequencies form a complete group of
events, i.e.:

i
Y RN, ., [ = 1. 3

k=1 kgl

LA~

x>

We shall now move on to a discussion of the packet processor., Let the packet
processor redlize the functional transformation z = ¢(X1]1, ees » Xpm), in
which the results of the measurements performed in the adaptation unit can be
used (the dashed lines in Figure 1). Taking (1) into account and using one
of the methods for the determination of the law governing the distribution of
the random quantities [5], we find:

w(zlfh"'vfn)= (4)

= j e S‘S['? (st oe s Xpp) —2] n n w(xulf.-) dxyy oo Aoy

=] f=1

where 8[+] is a delta function,

The conditional false alarm and correct detection probabilities for detectors
which use a threshold rule for testing the hypotheses are:

Flfy s fo) = w ( .;..,,,;Hodz,
' zo(fl,'(....h,) eI / ) )

D(i!"“lf.n): S w(zlfll---)/n; Hi)dzr

where z,(f1, ... , f;) is the threshold which depends on the specific realiza-
tion of the carrier frequencies. In the general case, the thresholds for the
different realizations of the carrier frequencies do not have to coincide,

The false alarm and correct detection probabilities, averaged over the set of
possible carrier frequency realizations, are:
0

Fo (o VP )@ Gy Fol 1Y) dfy o d,,

——00
L=

D= { o Dby ooy )@y, on, ful HYdfy ... df,,

-—C0
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or, taking (2) and the filtering property of the delta function into account,

1
3RS, o, SR HY F(RR, ..., [,

n~4

Il
b~

&
it
-

(6)

v
M~
- 3

R(M, .., [ HY)D(F*, .., ).

w=1

&
L
=
I

The detection characteristics are usually plotted for F = F,, where F, is speci-
fied. In this case, by working from this equality, the threshold is found, In
our case, there is a set of thresholds (g, (f(lkl)""’ f:,k")); k=11 i=1n}

and for this reason, an ambiguity arises in their determination. The task of

finding the set of thresholds maximizing D could be formulated, however, this -
- case is far from practical application. In fact, the solution for the presence

or the absence of a target is based on the packet processing for the specific

realization of the frequencies, and not the entire set of p ﬁs}ble realizatjons,

and for this reason, a more natural requirement will be F(fg N f( n’) =

= F, for all k4 =T, 7 and i =T, n. In this case, taking (3) 1nto account, and

F = F,, the thresholds are found from the solution of the equations:

e 7
oo U5,y 0 Hdem By 20 (20, 180, @

The use of expressions (4), (5), (6) and (7) makes it possible to construct.
the detection characteristic,.however, there still remained undetermined pro-
babilities of carrier frequency realizations. To find them, it is necessary
to analyze the functioning of the adaptation unit,

The operation of the quality indicator meter can be treated as the functional

transformation of a multidimensional random quantity into a one-dimensional

quantity...Without going into the question of measurement optimality herg, we

shall assume that the quality indicator meter comes up with an estimate Q for

the quality indicator Q based on observations over a sample volume m, i.e.,

- §; = ¥p(xi1» +.+ » Xim). Here, the subscript i means that the estimate is
made for a sample belonging to the i-th subpacket. On analogy with (4), it is
not difficult to write the expression for:

w@lI)={- 5 ¥ Gt ) — 8 [ 1021 g - e
j=1

Let Q belong to any interval, then the function of the functional converter
reduces to the conversion Uj = Y(Qi), where U; € [0, 1], where U; is a con-
tinuous, strictly monotonically increasing function of é Then, designating
the function which is the inverse of ¥(.) as W‘l(-), we have:
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wy Wilf) = e l‘l'*‘«/)lfl—u(y‘—)- -

dv '@
-———‘—lj fal‘vm(x.i.. = 0t [ Loty diadime o

j=1
As was noted above, the controlled random number transducer generates a
discrete random quantity Vi € {+1, -1} with a "win " probability equal to
the specific value of the random quantity Ui, i.e., V; can be treated as a

random function of the random quantity Ui. Then the conditional probability
density is:

wV|U) == Ub(V:— 1)+ (1—-U) ‘5(V1°°+ DueWf)=U 8(Vi—1)+
+ U —=UdI8 (V. + 1), rae Ui() = | Un Ui ).

—co

The conditional "yin " probability as a function of the value of the carrier

frequency i = - , taking (8) int
accounts PN =PI =W fydv, =T,y ~ * °F “ine 1) dnte
0
Pi(fi) = S' o DY [ (Kagy s X)) [Tew ;1 F) dey ... dxipne T (9)
e’ j=1

We shall now consider the operation of the finite automat [4]. The behavior
of the finite automat is described by a complex Markov chain. Its complexity
depends on the depth of memory, d, of the automat (or, in other words, on the
number of internal states necessary for one action), By increasing the number
of states under consideration from I (the number of actions) up to Zd, the
complex Markov chain is reduced to a simple one, which is completely defined
by a matrix of transition probabilities over one step ||P( H112) || where wy, up =
= l, , 1d are the indices of the numbers of the states, To specify the finite
automat means to specify this matrix and the probabilities of the initial
states ri"1), 1In the general case of a ponst ady—state medium, the automat

is specified by a system of matrices ]IP W1H27|] | where i = T;7@, The elements
of the matrix depend on the structural conflguratlon of the automat (§ts graph)
and on the probabilities of a "win" for each action, i.e., on P (f ki , Where
ki = L, while flk 1) is the specific value of the carrier frequency in the
i-th subpacket. We shall equate the steps of the automat with a subpacket

(the transition from one state to another is accomplised simultaneously with
the transition from one subpacket to the other).

We shall number the states of the automat, making use of the depth of memory:
) e dl s [d (k) R d(k—=1) 42,0, kd] .y A1)+, ., L, 2d]
In this case, let only one action of the automat correspond to each subset

of states enclosed in the brackets, and specifically, that action which coin-
cides with the superscript k = T, 7 in this expression.
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The probability of the carrier frequency realization is found from an analysis
of the operation of the finite automat, and it can be shown that:

R (l‘lkx)‘ U"n’) o Z s‘ flll) n P(“'"‘ -, (10)

Ky "n

where p,aid(k,——l)%-l;(Hk;—-1)4-2;~-2 ; kyd for all ky = 1, I and

i =1, n; d = const.

For a radar with an equiprobable change in the carrier frequency within the
bounds of a packet, all of the realizations of the carrier frequencies are of
equal value, i.e.,
. . for all & .
R, ..., iy = — - A neex by==T1,14 i=1,n (11)

For a classical radar, in the case of an equiprobable selection of the initial
frequency (in the subsequent subpackets, the frequency remains unchanged):

—ll-— , eicgu ky =k, iﬁﬁ gkt ki, Rin=1,1

{
R(f(kl’ f(k,)) . l -
IR \ &u iy, ip=1,n, (12)

0 B nporusuoM ciyuyae. Otherwise

We shall consider the potential capabilities of the described radar using a
specific example. In this case, we shall make a number of assumptions:

1) We shall assume that a random sequence is observed at the output of the
linear receiver channel, the elements of which are independently normally
distributed random quantities;

2) The medium is a steady-state one, i.e., the distribution functions and their

parameters do not depend on time, but depend only on the values of the carrier

frequency;

3) We make the set of amplitudes of the radar return {xgk)- =1, 1, L} and the

set of mean square values of the interference {c(kK); K = Z} at the outEut of

the linear receiver channel a§ree w1th the set of carrier frequenc1es {f =

=1, L}, and we note that x and o(k) are unknown beforehand, and are meas-—

ured with ideal accuracy only in the process of radar functioning (i.e., we

- assume that m + «, while the estimate made by the quallty indicator meter is
-asymptotically unbiased);

4) The average signal-to-noise ratio over the set of permissible frequencies
is an a priori unknown:
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- N . xtk)
g 2 Iq"", rae ¥ = T‘o"’ ; -

5) The spectral interference density is uniform within the passband of the
linear receiver channel for every value of the carrier frequency;

6) The optimal detector is built on the basis of the statistic z, which
carries out the computation of the likelihood ratio;

7) The quality indicator is chosen in the form Q(k) = q(k)/a;

8) The functional converter is specified by the function shown in Figures 2a.

We shall limit ourselves to 7 = 2, and in this case, it can be shown that
it is natural to choose Q; = 2 and AQ = 2;

9) We shall specify the medium; let: x{,‘)=x{$)=;o; " = 1,60, o® = 0,40, where
l 1
~ ~ 1
- X, = =-11— E X, o= E o, , and this means that the signal- -
k=1 k=]

(1

to-noise ratio with respect to voltage at the frequency f is four times

smaller than at the frequency f 2);

10) We shall choose a finite automat from a family of automats with "linear
tactics" [4] as the adaptive device, where the number of actions is 7 = 2
(determined by the set of permissible carrier frequencies) and the depth of
memory is d = 2, The graph which specifies the structure of the automat is
shown in Figure 2b, where the littie circles designate the internal states

of the automat p; the solid dark little circles designate the states in which
the change in the actions (the carrier frequencies) occurs; the solid lines
designate the transitions with the action of a "win", while the dashed lines
indicate those with the action of a "loss". TIn the states p = 1, 2, operation
is_at the frequency f(l), while in the states u = 3, 4, it is at the frequency
f 2);__The probabilities of the initial states rfﬂ) = {0.5; 0; 0.5; 0, where -
u = 1,4}, which corresponds to the equiprobable choice of the carrier frequency
£(1) or £(2)in the first step (in the first subpacket),

The use of expressions (4)-(7) and (9)-(12) taking into account the adduced
= presuppositions makes it possible to plot the radar detection characteristic
for various algorithms for designating the frequencies: 1) corresponds to the
operation of a classical radar where there is freedom in the choice of the -
working frequency (the frequency is chosen on an equal probability basis from
a specified set of frequencies and does not change during operation);
2) corresponds to the operation of a radar with equiprobable pulse by pulse
frequency tuning (the frequencies in all subpackets are chosen independently
and on an equal probability basis; 3) corresponds to a radar with adaptive -
frequency tuning, which uses a finite automat as the learning device,
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Shown in Figures 3a and b are the curves for D(a*) when F = Fg = 10'4,

where §* = {Y/mn, for n = 2 and n = 4 respectively. The number of the curve
corresponds to the number of algorithm, Additionally: curve 4 corresponds

to the operation of a radar at the best frequency, i.e., matches the case
where there is complete apriori information; curve 5 corresponds to the oper-—
ation of a radar at the worst carrier frequency.

We will note in conclusion that the introduction of adaptation by means of
retuning the carrier frequency permits an improvement in the detection
characteristic both as regards a radar which employs equiprobable tuning of
the frequency and as regards a classical radar (for large values of D), which . =
= operates under conditions of apriori ambiguity with respect to the initial
choice of the working frequency (the gain is greater, the greater the depend-
ence of the effective scattering area of the target or interference on
frequency).

It follows from a comparison of Figures 3a and b that increasing the number

of subpackets (adaptation steps) leads to an improvement in the gain, and for
this reason, when taking into account the real nature of the measurements being
made and the limited observation time, the question of finding the optimal
ratio between n ard m comes up, It can be shown that when n, m and

d -+ =, the detection characteristics asymptotically tend to the potentially
nossible (curve 4).

= LA K- 2 43 4 »
) 0 Ger 4 T J;—jy"—’}—‘ -
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- Semiconductors and Dielectrics

. ‘ uDncC 621,382,29:539,235,3

USING PALLADIUM TO REDUCE THE REVERSE CURRENT RESTORATION TIME OF PULSE
DIODES

Kiev IZV. VUZ: RADIOELEKTRONIKA in Russian Vol 22 No 8, 1979 pp 95-96
manuscript received 30 May 78; after revision 30 Dec 78

[Article by A.K, Kolebanov, A,I. Mochalov and Yu.D. Chistyakov]

[Text] Semiconductor material having a short lifetime of the charge
carriers, T, is employed in the fabrication technology for pulse diodes

[1]. Gold is most frequently used to reduce T in silicon. Because of the
fact that one of the energy bands of gold falls close to the center of the
forbidden band [2], the reduction in T is accompanied by a marked increase
in the reverse currents of a diode by virtue of the generation of the charge
carriers in the depleted layer. Alloying silicon with platinum or palladium
introduces deep and symmetrical energy levels [3]. It is well known that
palladium is used in microelectronics technology to make contacts. The
influence of palladium introduced into silicon during combined diffusion
with phosphorous, on the parameters of pulse diodes 1s studied in this
paper.

The experiments were performed on silicon with a cr¥stallographic orienta-
tion of (111) and an acceptor concentration 7 x 1017 cm=3, TFor the purpose
of comparison, the combined diffusion of phosphorous with gold (a ZF batch)
and phosphorous with palladium (a PF batch) was carried out. The diffusion
processes for the gold and palladium were accomplished from thin films
deposited on the silicon surface, The gold films were precipitated from an
aqueous solution of gold chloride. The palladium films 0,02 and 0.06 pm
thick were applied by the ion plasma method, and prior to the application,
the surface of the silicon was subjected to ion cleaning.

The combined diffusion processes were were carried out in a quartz tube at
a temperature of 1,113° K for 1,200 seconds.

The parameters of the electron-hole junctions were checked following the
removal of the phosphorous silicate glass. The measurement procedure

consisted in the following: a square wave DC pulse was fed to the diode
being tested where the pulse had an amplitude of 100 ma (a width of 2 um),

136

- FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050030-1

FOR OFFICIAL USE ONLY

and then a reverse voltage pulse with an amplitude of 10 volts was applied.
The pulse repetition rate was 6 KHz, In this case, a voltage drop propor-
tional to the junction current of the diode was picked off across a load
reslatance Inserted in series with the diode., The transient processes which
occur during switching were registered on the screen of an oscilloscope.

The reverse current restoration time for a pulse diode, t, 1s equal to the
time interval between the zero crossing of the pulse diode current and the
moment when the reverse current falls off to a specified readout current
level,

The following diode parameters were obtained as a result of the measurements:

in the PF batch, t = 30 nanoseconds, the reverse current levels were i =

= 0,01-0.1 pa, and the ZF group, t = 40-80 nanoseconds and ig = 0.01-1 ua.
Z The forward voltage drop, U, when a current of 100 ma flowed, amounted to
4-5 volts for all samples, The subsequent production of nonrectifying con-
tacts lead to a reduction in :U down to 1.6 volts for the PF batch and
down to 1.3 volts for the case of alloying with gold, When alloying with
palladium, the scatter in the quantity t was insignificant, while when
alloying with gold, it averaged 20%.

The reduction in the reverse current restoration time occurs because of the
curtailment of the charge carrier lifetime by virtue of recombination at
electrically active, deep impurity centers, created by palladium in siliconm.
The palladium atoms diffuse in the silicon at a temperature of 1,113° K and
replace the silicon atoms at the crystal lattice cites, creating one accep-
tor level in the forbidden band of silicon with an energy 0.22 eV below the
"bottom" of the conductivity band, and a donor level 0,33 eV above the
"ceiling" of the valence band [3]. For this reason, to jointly diffuse
palladium and phosphorous, a temperature of 1,113° K was chosen, since
diffusion at higher temperatures leads to a reduction in the number of
interstitial atoms of palladium, which introduce only acceptor levels into
the forbidden band of silicon, where these levels have an energy 0.32 eV
above the '"ceiling" of the valence band [3], and consequently, can be the
cause of a rise in the reverse currents.

Thus, it was determined that palladium, applied by the ion plasma method
to the surface of silicon, reduces the restoration time following high
temperature annealing, as well as the reverse current level of pulse diodes.
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USSR UDC 621.383.51

A MICROELECTRONIC POSITION PHOTODETECTOR UTILIZING THE LONGITUDINAL PHOTO-
GALVANIC EFFECT IN SILICON

Sofia (BULGARIA) ANNALS OF THE SOFIA UNIVERSITY'S PHYSICS DEPARTMENT in
- ‘Russian No 67, 1974-75(78) pp 79-86

VASILEV, V. and VELCHEV, N.

[From REFERATIVNYY ZHURNAL, ELEKTRONIKA I YEYE PRIMENENIYE, No 1, Jan 79
Abstract No 1B386 by T. I. Olevanoval

[Text] A theoretical model of the longitudinal photogalvanic effect in
one-dimensional semiconductors is proposed, and on the basis of this model
there has already been developed a microelectronic position-sensitive
silicon detector. Imn an n-Si wafer with an electrical resistivity of
approximately 7.5 -cm and a (111)-orientation one forms two strongly
doped diffusion p-regions with an impurity concentration of 5-1019 cm—3
which serve as resistive contact tabs. Between them runs a 1-2 mm deep
high-resistance p-channel with an impurity concentration of (1—3)'1016
em™3 . The dielectric above this channel is an approximately 8000 A thick
layer of silicon dioxide. The metallic contact tabs are made of a binary
tungsten-gold alloy. One standard silicon wafer 30 mm in diameter carrier
four photodetectors. Such a photodetector has an exactly linear and

- symmetric inversion characteristic and a position sensitivity of 20 mV/mm
with an interelectrode distance of 6 mm. Figures 4; references 15.

2415
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ABSTRACTS FROM THE JOURNAL IZV. VUZ: RADIOELEKTRONIKA
Kiev IZV. VUZ: RADIOELEKTRONIKA ih Russian No 6, 1979 pp 13, 37, 41, 57

AUTOMATIC RANGE TRACKING

[Abstract of article by Yu. M. Olyukha and S. F. Shimchik, Minsk Radio-
technical Institute]

[Text] This article considers a digital system for automatic range
tracking (ASD) of a pulsed RLS [radar station]. The system is a
specialized digital computer and can be made astatic both with the first,
and the second and third order. The simplicity of the system in the first
case is emphasized. The ASD system which was developed is based entirely
on integrated circuit digital equipment parts and makes it possible to
measure the distance to the target and the error in the distance measure-
ment by means of one integrator, and the distance, velocity of target and
error in distance measurement with two integrators.

Special features in making the various system units are considered, such
as the distance meter, the velocity and acceleration (errors in velocity
measurements) meter, the scanning unit, etc.

The system was developed to do laboratory work in the "Radiotechnical

systems" course; however, the results of the work may be used successfully
B for designing industrial systems of automatic range tracking.

ADAPTIVE DEVICE FOR SEPARATING A SIGNAL FROM BACKGROUND NOISE

[Abstract of an article by V. B. Ferents, Moscow Electrotechnical Insti-
_ tute of Communication Order of Labor Red Bannmer]

[Text] This article considers the principles and possibilities of doppler

separation of a radar signal reflected from a moving target from a back-
ground of interfering reflections from the ground.
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A radar station design with an adaptive device for separating the signal
was proposed which requires an additional channel for receiving the inter-
ference from the ground.

UDC 621.372.823
ANALYSIS OF HIGHER TYPE WAVES IN A MULTIWAVE WAVEGUIDE
[Abstract of an article by V. S. Vuntesmeri and V. G. Maksyutin]
[Text] A method for analyzing the structure of a multiwave waveguide
field is proposed. The use of a ferrite resonator in combination with
longitudinal probing of the waveguide field as a probe makes it possible

to use the structure in a large range of frequencies with a relatively
small volume of mathematical processing of measurement results.

UDC 621.372.834

CALCULATION OF COUPLING COEFFICIENTS BETWEEN OPEN DIELECTRIC RESONATORS
AND FIELDS OF SUPERHIGH FREQUENCY CHANNELS .

[Article by M. Ye. Il'chenko, S. N. Kushch]

[Text] Calculation was made of coupling coefficients between round open
dielectric resonators (with basic H and E oscillations) and a field of
two-wave channels. Expressions were obtained for coefficients of trans-

mission, reflection and absorption of wave channels for the case of propa-

gation of TE,q and TE20 waves separated by the resonators.
[247-2291]

COPYRIGHT: "IZVESTIYA VUZOV SSSR - RADIOELEKTRONIKA," 1979
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ABSTRACTS OF DEPOSITED PAPERS
Kiev IZV. VUZ: RADIOELEKTRONIKA in Russian Vol 22 No 8, 1979 pp 9, 32, 64

[Abstracts of manuscripts deposited in the Ukrainian Scientific Research
Institute for Scientific and Technical Information]

UpC 621.373.5 UDC 621.373.5

V. P. Gololobov, M. G. Ishchenko, O. V. Tureyeva, G. N. Shelamov and
V. 1. Tsymbal

Magnetically Tuned Wideband Microwave Semiconductor Devices

Results of a study of semiconductor, magnetically tuned microwave devices
are presented: filters, selective mixers, oscillators and frequency
multipliers.

The results of a theoretical study of the interaction of a ferrite
resonator with n-turns are given. A comparative assessment of the circuits
of the devices is also given.

The devices which have been developed comprise the basis of the component
base for the design of wideband, superheterodyne magnetically tuned micro-
wave systems.

Article deposited in the UkrNIINTI [Ukrainian Scientific Research Institute
- for Scientific and Technical Information], Manuscript No 1118, 83-105,

deposited 25 July 1978. 23 pp with illustrations, 14 bibliographic
citations.

UDC 621.382

A. A. Popov

An Investigation of Microwave Power Limiters Designed Around Dynamic
Nonlinear Distributed Systems
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A SHF power limiter is described, which is designed around a p-i-n
structure, the per unit length parameters of the electrical model of which
depend on the amplitude of the high frequency voltage or current. A

chain model of the limiter is treated. Expressions are derived for the
mode attenuation factor and VSWR. Concentrated and distributed type
limiters are compared.

Article deposited in the UKrNIINTI, manuscript No 1118, pp 56-64, deposited
25 May 1978; 9 pp with illustrations, 6 bibliographic citations.

UDC 621.372.852.1
A. G. Fialkovskiy
A VARIATION METHOD OF RADIAL FILTER DESIGN

A coaxial waveguide with a radial resonator, formed by a double symmetrical
inhomogeneity of the outer conductor, is employed in various functiomal
microwave devices as a rejection filter. The primary mode rejection factor
is represented in the form of a functional of the longitudinal electrical
field at the coupling slot, where the functional is stationary with

respect to small variations. The efficiency of the proposed algorithm

is demonstrated even in the case of the approximation of the test field

by one linear function.

Article deposited in the UkrNIINTI, manuscript No. 1118, pp 137-142,
deposited 25 July 1979; 6 pp with illustrations, 8 bibliographic citations.
[16-8225]
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